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PREFACE 
Water resource systems have been an important part of 
resources and environment related research at IIASA since its 
inception. As demands for water increase relative to supply, 
the intensity and efficiency of water resources management must 
be developed further. This in turn requires an increase in the 
degree of detail and sophistication of the analysis, including 
economic, social and environmental evaluation of water resources 
development alternatives aided by application of mathematical 
modelling techniques, to generate inputs for planning, design, 
and operational decisions. 
During the year of 1978 it was decided that parallel to the 
continuation of demand studies, an attempt would be made to in- 
tegrate the results of our studies on water demands with water 
supply considerations. This new task was named "Regional Water 
Management" (Task 1 ,  Resources and Environment Area). 
One of the case studies in this Task, carried out in collab- 
oration with the Swedish Environmental Protection Board and the 
University of Lund, is the region of Western ~kgne, Sweden. 
Although the Task emphasizes demand-resource integration, some 
analysis of the demand per se is necessary for better understanding 
of demand-generating factors. In this paper, background analysis 
concerning the municipal water demand characteristics of and the 
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I. INTRODUCTION 
This water demand study concerns the geographical region of 
the MalmBhus County, situated in South Sweden with an area of 
2 
almost 5,000 krn . Approximately 70% of the area is occupied by 
agricultural land. The population is presently about 740,000 
i.e., the population density is 150 inhabitants per km2 which is 
to be compared with the country average of 20 inhabitants per 
2 km . P.lalmBhus County is thus highly urbanized compared to the 
rest of the country. 
Table 1 shows some land use and economic characteristics 
of the county as compared to the whole of Sweden. It is clearly 
indicated that the region has a potential for large conflicts 
between urbanization-industrialization and agricultural develop- 
ment. At the same time, the county's share of the potentially 
available water resources is in the order of only 0.5% with a 
pronounced lack of surface water resources. 
The basic decision-making unit concerning the use of land, 
water, and other natural resources, is the municipality. After 
* 
For more details about recent developments and the present 
situation in the region, see Andersson et al., (1979). 
Table 1. Malmdhus Countv. ~ercent shares of countrv totals. 
Total Land 1.2 
Population 9.0 
Agricultural Land 10.4 
Total Income 9.2 
Manufacturing Industry, Value ~ d d e d  9.1 
: Food and Beverages 20.5 
Chemicals, Rubber etc. 18.3 
Non-metallic Mineral Products 15.3 
Textiles, etc. 8.7 
Paper, Printing 8.9 
Metal Products, Machinery, etc. 7.3 
Basic Metal Industry 2.9 
Wood and Wood Products 1.6 
Others 4.5 
the municipal reform in 1974, Malmdhus County consisted of 21 
municipalities (See Figure 1). This number, however, was re- 
duced to 20 in 1977 when Bara was incorporated with Svedala. 
There are thus 20 to a large extent independent administrative 
units which, by tradition, have taken the responsibility to provide 
water of sufficient quantity and quality to cover water needs of 
various activities within their own jurisdictional boundaries. 
The first larger water supply system based on surface 
water, the Vomb system, serving the City of Malmd, became 
operational in 1948. Already at that time, concerns about the 
future water supply of the MalmB region were expressed. It 
seemed to be evident that neither the groundwater nor the sur- 
face water resources of the county were sufficient for the future 
development. Thus in 1960, the Government initiated investi- 
gations on how to solve the future water supply of southwestern 
Sweden. The final report (SOU 1965:8) contained the first 
official attempt in Sweden to forecast municipal and industrial 
water use. 
For the municipal water use, the household and general 
purpose (public, commercial, water works and losses) components 
Figure 1 .  The study area--Malmbhus County, Sweden. 
were f o r e c a s t e d  based on o f f i c i a l  popula t ion  f o r e c a s t s  and gen- 
e r a l  per  c a p i t a  wate r  use  t r e n d s  which wsre e x t r a p o l a t e d  t o  t h e  
years  1980 and 2000. I t  was thus  e s t ima ted  t h a t  t h e  non- 
i n d u s t r i a l  urban per  c a p i t a  water  use  would i n c r e a s e  from 200 
l i t e r s  per  person and day i n  1960 t o  450 i n  t h e  year  2000. For 
i n d u s t r i a l  water  demand, it was cons idered  imposs ib le  t o  adequate-  
l y  f o r e c a s t  t h e  f u t u r e  s i t u a t i o n .  A rough e s t i m a t e  was g iven  
t h a t  it w i l l  double  from 1960 t o  1980 and t r e b l e  u n t i l  t h e  year  
2000. 
I n  F igures  2 through 6,  a  comparison i s  made f o r  t h e  pe r iod  
1967-1977 between t h e  f o r e c a s t  and t h e  a c t u a l  s t a t i s t i c s ,  a s  
g iven  by t h e  Swedish Water and Sewage Works ~ s s o c i a t i o n  
(VAV, S67-77). These d a t a  r e f e r  t o  15 m u n i c i p a l i t i e s  i n  western  
MalmOhus county and f o u r  n e i g h b a n g  m u n i c i p a l i t i e s  i n  
K r i s t i a n s t a d  county.  I t  i s  t o  be noted t h a t  t h e  s t a t i s t i c s  
r e f e r  t o  water  supp l i ed  by t h e  municipal  wate r  works. To t h e  
i n d u s t r i a l  water  use s t a t i s t i c s  (and t h e  t o t a l  wate r  use)  f o r  
each year  i n  F igure  2 should be added some 10 m i l l i o n  m3 per  
year  t o  account  f o r  t h e  s e l f - s u p p l i e d  i n d u s t r y .  
I t  i s  c l e a r  from Figure  2 t h a t  t h e  t o t a l  municipal  water  
use has  l e v e l l e d  o f f  s i n c e  1970. Most o f  t h e  d e v i a t i o n  from t h e  
f o r e c a s t  f a l l s  on t h e  non- indus t r i a l  water  use ,  whi le  t h e  indus- 
t r i a l  water  use i nc lud inq  t h e  s e l f - s u p p l i e d  wate r  fol lowed t h e  
f o r e c a s t  f a i r l y  w e l l  up t o  about  1974. An incons i s t ency  i n  t h e  
popula t ion  s t a t i s t i c s  caused by t h e  municipal  reforms i n  1970 
and 1974 i s  i n d i c a t e d  by F igure  3. I n  s p i t e  of  t h i s ,  F igu re  4 
c l e a r l y  shows t h a t  a  l a r g e  d e v i a t i o n  of t h e  p e r  c a p i t a  wate r  
use from t h e  f o r e c a s t  has  occur red .  The reason  f o r  t h i s  dev ia -  
t i o n  i s ,  according t o  t h e  Swedish Water and Sewage Works Associa- 
t i o n  (VAV 1975) ,  p r i m a r i l y  t h a t  t h e  household component o f  
municipal  water  use i s  now c l o s e  t o  a  s a t u r a t i o n  va lue  o f  about  
220 l i t e r s  pe r  person and day.  
Water u s e  
p e r  y e a r  
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J I I I I I I I 1 I I I 9  
1970 1975 Year 
40 - 
- 
F i g u r e  2. Munic ipal  Water U s e  i n  t h e  Region a c c o r d i n g  t o  t h e  
1965 F o r e c a s t  (dashed  l i n e s )  and t h e  Observed U s e  
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F i g u r e  3. Number o f  p e o p l e  c o n n e c t e d  t o  t h e  m u n i c i p a l  w a t e r  
s u p p l y  s y s t e m s  a c c o r d i n g  t o  f o r e c a s t  ( d a s h e d l i n e s )  
a n d  s t a t i s t i c s  ( f u l l  l i n e ) .  The u p p e r  c u r v e  shows 
t o t a l  p o p u l a t i o n .  
P e r  C a p i t a  
F i g u r e  4 .  P e r  c a p i t a  w a t e r  u s e  a c c o r d i n g  t o  f o r e c a s t  ( d a s h e d  l i n e )  
a n d  s t a t i s t i c s  ( f u l l  l i n e ) .  
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I f  t h e  r e g i o n a l  s t a t i s t i c s  o f  F i g u r e s  2 t h r o u g h  4 a r e  de- 
composed i n t o  s u b r e g i o n s ,  o n e  f i n d s  t h a t  t h e  d e v i a t i o n  from t h e  
f o r e c a s t  f a l l s  a l m o s t  e n t i r e l y  o n  t h e  most  u r b a n i z e d  p a r t  o f  t h e  
c o u n t y  (Malmb, Lund, S t a f f a n s t o r p ,  S v e d a l a ,  Bur lBv,  Lomma) , which 
a c c o u n t s  f o r  52% o f  t h e  p o p u l a t i o n .  O t h e r  m u n i c i p a l i t i e s  f o l l o w  
t h e  f o r e c a s t s  r e l a t i v e l y  c l o s e l y  w h i l e  f o r  Es lbv-Kavl inge-Svalbv  
(8% o f  t h e  p o p u l a t i o n )  t h e  f o r e c a s t  f o r  t o t a l  m u n i c i p a l  w a t e r  
u s e  u n d e r e s t i m a t e d  t h e  a c t u a l  u s e ,  see F i g u r e s  5 and  6 .  I n  a l l  
s u b r e g i o n s ,  however ,  t h e  p e r  c a p i t a  w a t e r  u s e  was c o n s i d e r a b l y  
o v e r e s t i m a t e d .  T h i s  s h i f t  i n  w a t e r  u s e  f rom u r b a n  c e n t e r s  t o  
s u r r o u n d i n g  m u n i c i p a l i t i e s  is  supposed  t o  depend on  t h e  r e g i o n a l  
p o l i c y  a d o p t e d  i n  t h e  e a r l y  1 9 7 0 1 s ,  l e a d i n g  t o  a  d e c l i n e  i n  
p o p u l a t i o n  growth  f o r  t h e  whole  r e g i o n  a n d  e s p e c i a l l y  f o r  t h e  
u rban  c e n t e r s .  I t  i s ,  however,  o f  i n t e r e s t  to  see whethe r  some 
of t h e  s t a t i s t i c a l  v a r i a b l e s  d e s c r i b i n g ,  for example ,  i n d u s t r i a l  
a c t i v i t y  and  d e g r e e  o f  u r b a n i z a t i o n  c a n  be r e l a t e d  t o  t h e  w a t e r  
u s e  i n  t h e  d i f f e r e n t  m u n i c i p a l i t i e s .  
11. PURPOSES OF THE STUDY AND ITS ORGANIZATION 
The p r i m a r y  p u r p o s e  o f  t h i s  s t u d y  is  t o  show how w a t e r  
r e s o u r c e s  p l a n n e r s  m i g h t  go a b o u t  m o d e l l i n g  demand r e l a t i o n s h i p s  
c o n c e r n i n g  t h e  m u ~ i c i p a l  w a t e r  u s e .  M o d e l l i n g  o f  w a t e r  demand 
r e l a t i o n s h i p s  c a n  assume a  wide r a n g e  o f  p o s s i b l e  forms .  T h i s  
s t u d y  employs t h e  s t a t i s t i c a l  a p p r o a c h  which t y p i c a l l y  p r o c e e d s  
t h r o u g h  t h e  f o l l o w i n g  s t e p s :  ( 1 )  a s sembly  o f  t h e  n e c e s s a r y  d a t a  
b a s e ,  ( 2 )  i d e n t i f i c a t i o n  o f  v a r i a b l e s  which a f f e c t  t h e  demand 
f o r  w a t e r ,  ( 3 )  d e t e r m i n a t i o n  o f  t h e  model s t r u c t u r e ,  ( 4 )  e s t i m a -  
t i o n  o f  model p a r a m e t e r s ,  ( 5 )  model v e r i f i c a t i o n  and  v a l i d a t i o n ,  * 
and ( 6 )  p r a c t i c a l  u t i l i z a t i o n  o f  t h e  model so d e r i v e d  ( K i n d l e r  
e t  a l . ,  1 9 8 0 ) .  
* V e r i f i c a t i o n  is u n d e r s t o o d  a s  d e t e r m i n i n g  w h e t h e r  t h e  "appro-  
p r i a t e "  model h a s  been  d e v e l o p e d  f rom a  g i v e n  s i n g l e  s e t  o f  
d a t a  d e s c r i b i n g  w a t e r  demand r e l a t i o n s h i p .  A model v a l i d a t i o n  
is  t h e  t e s t i n g - o f  t h e  m o d e l ' s  adequacy  a g a i n s t  an i n d e p e n d e n t  
se t  o f  d a t a .  
Per c a p i t a  wate r  use 
L i t e r s  pe r  
person and day 
I I I I 1 I I I I I I b 
1 9 7 0  1 9 7 5  1 9 7 8  
Year 
Per c a p i t a  water  use 
Number o f  people  connected 
0  I I I I - 
1 9 7 0  1 9 7 5  Year 
b) Number of people  connected.  The upper curve shows 
t o t a l  popula t ion  s t a t i s t i c s .  
Figure  5. Municipal Water Use i n  t h e  Sub-region Esldv-Kavlinge- 
Svaldv accord ing  t o  f o r e c a s t  (dashed l i n e s )  and 
s t a t i s t i c s  ( f u l l  l i n e s ) .  
6 3 10 m per year 
Figure 6. Municipal Water Use in the Sub-region Eslbv-Kavlinge- 
SvalBv according to forecast (dashed lines) and 
statistics (full lines) . 
Municipal water use covers a wide range of activities such 
as household operations, industrial production, commercial and 
public services--all receiving water through a common distri- 
bution system. 
A major question in this municipal water demand study is 
how to take account of differences in activities among rr,unic- 
ipalities. Of twenty municipalities in the study area, some 
have more water-intensive industries connected to municipal sup- 
ply systems; some have high recreational activities within their 
jurisdictional boundaries and many weekend houses which have 
quite different water use patterns than permanent residences. 
Also, wide variabilities are observed in the size of municipal- 
ities and their degree of urbanization. 
Alternative approaches are possible to take account of the 
inter-municipality differences. Two principal questions have 
to be asked in choosing among these approaches: (1) Should 
one deal with each component--household, industrial, public, 
commerc ia l ,  e t c . - - o f  t h e  m u n i c i p a l  w a t e r  demand s e p a r a t e l y ,  o r  
s h o u l d  t h e y  be  a g g r e g a t e d  i n t o  a t o t a l  m u n i c i p a l  w a t e r  demand? 
( 2 )  Should  one  u s e  t o t a l  g r o s s  o r  t o t a l  p e r  c a p i t a  w a t e r  de-  
mand a s  t h e  dependen t  v a r i a b l e ? *  The answer  t o  t h e  f i r s t  ques -  
t i o n  depends  o n  s e v e r a l  f a c t o r s ,  t h e  most  i m p o r t a n t  b e i n g  t h e  
a v a i l a b i l i t y  o f  d a t a  on dependen t  and p o t e n t i a l  e x p l a n a t o r y  
v a r i a b l e s .  Because  o f  t h e  c h a r a c t e r  o f  a v a i l a b l e  d a t a  on munic- 
ipal w a t e r  u s e  i n  t h e  Malmd c o u n t y ,  t h e  d e c i s i o n  was made t o  
model t o t a l  ( a g g r e g a t e d )  demand w i t h  component d i f f e r e n c e s  rep- 
r e s e n t e d  by t h e  a p p r o p r i a t e l y  s e l e c t e d  e x p l a n a t o r y  v a r i a b l e s .  
The second q u e s t i o n  r e m a i n s  t o  b e  answered  by compar i son  o f  t h e  
r e s u l t s  o f  demand a n a l y s i s  c a r r i e d  o u t  f o r  b o t h  t y p e s  of  fie- 
p e n d e n t  v a r i a b l e s .  
The f o l l o w i n g  p a r t  o f  t h e  p a p e r  i s  o r g a n i z e d  i n t o  f i v e  
s e c t i o n s  and f o l l o w s  g e n e r a l l y  t h e  p r o c e d u r a l  s t e p s  p r e s e n t e d  
above .  The a v a i l a b l e  d a t a  b a s e  i s  f i r s t  s u r v e y e d  i n  S e c t i o n  I11 
t o  see what  k i n d  o f  a n a l y s i s  it a l l o w s .  I n  S e c t i o n  I V ,  t h e  
e x p l a n a t o r y  v a r i a b l e s  t h a t  are c o n s i d e r e d  o f  p o t e n t i a l  v a l u e  
i n  e x p l a i n i n g  t h e  t o t a l  m u n i c i p a l  w a t e r  demand a r e  s p e c i f i c a l l y  
i d e n t i f i e d .  The p r o c e d u r e s  t o  d e v e l o p  b e t t e r  u n d e r s t a n d i n g  o f  
demand g e n e r a t i n g  f a c t o r s  and ,  e v e n t u a l l y  t o  i d e n t i f y  more i m -  
p o r t a n t  e x p l a n a t o r y  v a r i a b l e s  a r e  d e s c r i b e d .  
I n  S e c t i o n s  V and V I ,  t h e  t o t a l  g r o s s  and  t h e  t o t a l  p e r  
c a p i t a  m u n i c i p a l  w a t e r  demand a r e  r e s p e c t i v e l y  u s e d  as  d e p e n d e n t  
v a r i a b l e s  i n  t h e  r e g r e s s i o n  w i t h  a p p r o p r i a t e  model s t r u c t u r e s .  
Based on  t h e  r e s u l t s  o b t a i n e d  and r e p o r t e d  i n  t h e s e  two s e c t i o n s ,  
S e c t i o n  V I I  c o n t a i n s  a d i s c u s s i o n  a b o u t  t h e  problem o f  f o r e -  
c a s t i n g ,  and S e c t i o n  V I I I  o f f e r s  s u g g e s t i o n s  f o r  e x t e n s i o n  o f  
t h e  s t u d y  t h a t  i s  p o s s i b l e  g i v e n  t h e  a v a i l a b l e  d a t a  b a s e ;  
o t h e r  p o s s i b l e  a p p r o a c h e s  a r e  a l s o  s u g g e s t e d .  
* 
The t o t a l  g r o s s  m u n i c i p a l  w a t e r  demand means t h e  t o t a l  amount 
o f  w a t e r  demanded i n  a p a r t i c u l a r  m u n i c i p a l i t y  i n  a y e a r ,  and  
t h e t o t a l  p e r  c a p i t a  demand i s  t h e  t o t a l  g r o s s  demand d i v i d e d  
b y t h e  t o t a l  p o p u l a t i o n  c o n n e c t e d  t o  t h e  m u n i c i p a l  s u p p l y  sys t em.  
111. THE AVAILABLE DATA BASE 
A number of studies have been undertaken to identify the 
factors that influence municipal water demand. The variables 
most commonly used are price, per capita income and climatological 
variables (Sewell and McClellan, 1979). These data are easily 
available for Swedish municipalities. The charges for water and 
sewage are published each year by the Swedish Water and Sewage 
Association (VAV, Tx69-77). The Swedish Central Bureau of 
Statistics (SCB) publishes each year the taxed income of the 
inhabitants in each municipality (SCB 67-77). Climatological 
variables have been disregarded in this study as the study area 
2 (-80 x 60 km ) is regarded as too small to show significant 
variations in this respect. 
Other variables commonly used in identifying residential 
water demand are number of persons per dwelling or household, 
number of rooms per dwelling, age structure of household, property 
value, and urban area of municipality (Morgan, 1973; Darr, et al., 
1975; Grunewald, et al., 1976; Gibbs, 1978). Statistics related 
to household characteristics are published every five years by 
the SCB in connection with the comprehensive population and 
housing accounts based on questionnaires (FOB 1970, 1975). 
These variables are thus available only for the accounting years. 
This is the same for the urban area variable.* Taxed property value 
is published the same way as taxed income. Age structure of household 
is not easily available. In this study, age of house has been 
used instead, complemented with a quality group classification. 
In taking the industrial water use into account, a natural 
variable would be industrial production as used, for example, by 
Turnovsky (1969). The Swedish industrial statistics are ex- 
tensive, especially for the mining and manufacturing industry, 
and are published each year by the SCB. However, difficulties 
* 
Urban area is defined as an area with at least 200 inhabitants, 
where the distances between houses normally do not exceed 200 
meters. 
a r i s e  when decomposed s t a t i s t i c s  a r e  needed:  f o r  example ,  s a l e s  
v a l u e  p e r  m u n i c i p a l i t y  p e r  i n d u s t r i a l  s e c t o r - - i n f o r m a t i o n  
which  u s u a l l y  r e q u i r e s  s p e c i a l  p e r m i s s i o n .  F o r  t h i s  s t u d y ,  t h e  
MalmBhus County Board p r o v i d e d  t h e  number o f  employees  p e r  
sector and m u n i c i p a l i t y .  A compar i son  be tween  t h e  v a l u e  added  
and t h e  number o f  employees  p e r  sector f o r  t h e  who le  c o u n t y  
showed a n  almost l i n e a r  r e l a t i o n s h i p  which j u s t i f i e s  t h e  u s e  o f  
t h e  emp1oymen.t v a r i a b l e .  
O t h e r  v a r i a b l e s  which a r e  t a k e n  i n t o  a c c o u n t  i n  t h i s  s t u d y  
are change  i n  t h e  p r i c e  of water ( r e c e n t l y  u s e d  i n  a  s t u d y  by  
Sonnen and  Evenson ( 1 9 7 9 ) )  and  number o f  weekend h o u s e s .  The 
l a t t e r  v a r i a b l e  i s  a v a i l a b l e  f rom i n v e n t o r i e s  made e v e r y  f i v e  
y e a r s  by  t h e  County Board (MCB, 1977) . 
The water u s e  s t a t i s t i c s  a r e  p u b l i s h e d  e a c h  y e a r  by t h e  
Swedish Water and  Sewage Works A s s o c i a t i o n  (VAV, S67-77) .  S i n c e  
1970,  t h e s e  s t a t i s t i c s  a r e  g i v e n  p e r  m u n i c i p a l i t y .  T o t a l  w a t e r  
u s e  a s  w e l l  as i t s  d e c o m p o s i t i o n  i n t o  h o u s e h o l d ,  g e n e r a l  p u r p o s e ,  
i n d u s t r i a l ,  t h e  w a t e r  w o r k ' s  own u s e ,  and losses are g i v e n .  HOW- 
e v e r ,  t h e r e  a r e  a  number of i n c o n s i s t e n c i e s  i n  t h e  s t a t i s t i c s ,  t h e  
m o s t  i m p o r t a n t  b e i n g  d i f f e r e n c e s  t h a t  e x i s t  between  t h e  m u n i c i p a l -  
i t i e s  i n  t h e  d e f i n i t i o n  and  measurement  of t h e  components  o f  w a t e r  
u s e .  Moreover ,  t h e  p o s s i b i l i t i e s  o f  b a s i n g  t h e  s t u d y  o n  t i m e  
series are l i m i t e d  b e c a u s e  of t h e  m u n i c i p a l  r e f o r m  i n  1974; 
b e f o r e  1970 t h e  s t a t i s t i c s  were g i v e n  p e r  w a t e r  work i n s t e a d  
o f  p e r  m u n i c i p a l i t y ,  which  makes compar i sons  a l m o s t  i m p o s s i b l e .  
I t  w a s  t h u s  d e c i d e d  t o  model t o t a l  m u n i c i p a l  water u s e  ( t h e m o s t  
r e l i a b l e  s t a t i s t i c s )  u s i n g  cross s e c t i o n  d a t a  f o r  20 m u n i c i p a l i -  
t i es  f o r  y e a r s  1970 and 1975. 
I V .  ASSEMBLY OF DATA BASE AND DETERMINATION OF MODEL STRUCTURE 
  numeration o f  P o t e n t i a l  E x p l a n a t o r y  V a r i a b l e s  
A s  t h e  f i r s t  s t e p  i n  t h e  a n a l y s i s  o f  m u n i c i p a l  w a t e r  demand, 
a l l  t h e  v a r i a b l e s  which are c o n s i d e r e d  o f  p o t e n t i a l  v a l u e  i n  
e x p l a i n i n g  t h e  t o t a l  m u n i c i p a l  water demand a r e  enumera t ed .  A s  
s t a t e d  b e f o r e ,  v a r i o u s  a c t i v i t i e s  i n  a  m u n i c i p a l i t y  c o n t r i b u t e  
t o  t h e  o b s e r v e d  o v e r a l l  w a t e r  u s e  p a t t e r n  6 f  t h e  
municipality. Each of these activities has to be represented 
by appropriate explanatory variables. 
Data for the years 1970 and 1975 are available for the vari- 
ables listed below which are preliminarily identified in the 
previous section as related to different components of the total 
municipal water demand. The £011-owing variables are mainly 
related to the household component: 
1. Number of persons per household; 
2. Number of households in one- and two-family houses; 
3. Number of households in multi-family houses; 
4. Number of apartments built in the period 1966-75; 
5. Number of apartments in quality group 1-2.* 
The industrial component can be represented by the followins 
variables: 
6. Value added for mineral product and manufacturing industry; 
7. Sales value for mineral product and manufacturing industry; 
8. Number of people employed in different sectors of in- 
dustry. 
Variables related to size of municipality and commercial, public 
and general uses category are: 
9. Total population connected to municipal supply system; 
10. Urbanized area; 
1 1 .  Urban population. 
The effects of recreational activities on the total municipal 
water demands can be represented by: 
12. Number of weekend houses. 
The following two variables are included in the data as related 
* 
Apartments in quality groups 1-2 are supplied with water and 
sewage and contain WC, central heating and bath or shower room. 
Other quality groups lack one or more of these installations. 
t o  p r i c e :  
13. V a r i a b l e  c o s t s  charged t o  d i f f e r e n t  consumers f o r  wa t e r  and 
sewage d i s p o s a l ;  
1 4 .  Change i n  p r i c e  o f  w a t e r  and sewage from t h e  p r ev ious  y e a r .  
F i n a l l y ,  t h e  f o l l o w i n g  v a r i a b l e s  may be used t o  r e p r e s e n t  gen- 
e r a l  s t a n d a r d  o f  l i v i n g  which a f f e c t s  t h e  w a t e r  u se  behav io r :  
15. Annual t a x a b l e  income o f  popu l a t i on  connec ted ;  
1 6 .  Taxable v a l u e  o f  n o n - a g r i c u l t u r a l  p r o p e r t y .  
The p r o p e r t y  v a l u e  i s  u s u a l l y  used a s  a  s u r r o g a t e  o f  income, when 
d a t a  on t h e  l a t t e r  a r e  n o t  a v a i l a b l e .  I n  t h i s  s t u d y ,  bo th  
p r o p e r t y  v a l u e  and income a r e  cons ide r ed  t o  see which one  e x p l a i n s  
b e t t e r  w a t e r  use  behav ior .  
P r e l i m i n a r y  S c r een i n g  by I n s p e c t i o n  
The a n a l y s t ' s  common s e n s e  and judgement h e l p  t o  s c r e e n  o u t  
some v a r i a b l e s  l i s t e d  above by i n s p e c t i o n .  V a r i a b l e s  2 and 3  
a r e  complementary t o  e ach  o t h e r  w i t h  r e s p e c t  t o  t h e  t o t a l  number 
o f  households ,  t h e r e f o r e ,  v a r i a b l e  3  was e l i m i n a t e d .  V a r i a b l e  
4 i s  sc reened  o u t ,  s i n c e  it i s  a lmos t  e q u i v a l e n t  t o  v a r i a b l e  5. 
Three v a r i a b l e s  a r e  i n c luded  i n  t h e  d a t a  ba se  t o  r ep r e -  
s e n t  i n d u s t r i a l  a c t i v i t i e s .  S ince  no s ec to r -w i se  d a t a  a r e  a v a i l -  
a b l e  on p ro d u c t i o n  s t a t i s t i c s ,  v a r i a b l e s  6 and 7 a r e  e l i m i n a t e d .  
The number o f  peop le  employed i n  w a t e r - i n t e n s i v e  i n d u s t r y  i s  
used i n s t e a d ,  where w a t e r - i n t e n s i v e  i n d u s t r y  i n c l u d e s  t h e  food 
and beverage ,  t e x t i l e  and c l o t h i n g ,  chemical  and pe t ro leum 
( r u b b e r  and p l a s t i c s  s e c t o r s  e x c l u d e d ) ,  and meta l  goods (machine 
and t r a n s p o r t a t i o n  s e c t o r s  exc luded)  s e c t o r s .  
V a r i a b l e  1 1  i s  p r a c t i c a l l y  e q u i v a l e n t  t o  v a r i a b l e  9 .  T hi s  
v a r i a b l e ,  however, i s  r e t a i n e d  t o g e t h e r  w i t h  v a r i a b l e  1 0  i n  t h e  
d a t a  b a s e ,  s i n c e  t h e r e  e x i s t s  no b e t t e r  proxy t o  r e p r e s e n t  com- 
m e r c i a l ,  p u b l i c  and g e n e r a l  u se s  component; v a r i a b l e  1 1  i s  
t rans formed ,  however, i n t o  t h e  r a t i o  o f  urban popu l a t i on  t o  t h e  
t o t a l  p o p u l a t i o n  o f  t h e  m u n i c i p a l i t y .  
Discriminating pricing* isused in some municipalities, 
but detailed data on the pricing struct~.res are not readily 
available. Thus, the variable costs charged to the household 
users are used in this study. The price change is expressed 
in terms of costs charged to users for water and sewer in the 
current year, as a percentage of user costs in the previous 
year. This variable is included to see short-term response 
of water users to the price. 
Data on the twelve potential explanatory variables ~reliminarlly 
identified above are given in Table 2 for the year 1975. (This 
is the most recent year for which extensive data are available.) 
Criteria for Selecting Appropriate Explanatory Variables 
From the data base assembled in the previous subsection, 
the appropriate explanatory variables must be identified for 
each dependent variable. Analysis on real-world implications of 
explanatory variables helps to hypothesize which variables may 
affect the total municipal water demand, in what way and how 
significantly. 
Statistically, there are several properties of explanatory 
variables to be considered in this screening process. The fol- 
lowing two properties are generally accepted as important for 
explanatory variables: 
i) high correlation with the dependent variable; 
ii) low correlation with other explanatory variables. 
When there are multiple candidates which have similar charac- 
teristics and satisfy these properties in the same degree, an 
additional property to be considered is: 
iii) high relative variation in the observed values of the 
variable. 
The relative variation can be measured by the coefficient of 
variation defined as the ratio between the standard deviation 
and the mean. 
*In some municipalities in the study area, large industrial water 
users connected to municipal water supply systems get discount 
prices (i.e. lower rates for water they use) . 
Table 2. Data on explanatory and dependent variables for the year 1975. 
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Table 2.: Notes: 
a): The municipality of Lomrna is not included, since the complete 
data are not available. Bara and Svedala, which are now a 
single municipality, are represented here separately. 
- 
b): X1 = population connected to municipal water supply system 
in 10 persons 
X2 = urbanized area in kmS 
4 6 
X3 = annual taxable income of population connected in 10 SKr 
X4 = variable costs char ed to the users for water and 
sewer in 0.01 SKr/m 9 
X5 = taxable value of non-agricultural property in 1o6s~r 
z6 = number of persons per household in urbanized area 
R7 = number of people employed in water intensive industry 
R8 = number of households in one- and two-family houses in 
urbanized area 
N 
Xg = number of apartments in quality group 1-2 in urban- 
ized area 
-., 
X1 0 = ratio urban population to total population in % 
Ell = price change (1975 price of water and sewer as % of 
1974 price) 
-8 
X12 = number of weekend houses 
c): y = total per capita municipal water use(year1y average) 
in il /person/day 
Y = total gross municipal water use in 103m3/~ear 
I f  t h e  model i s  t o  b e  used f o r  f o r e c a s t i n g ,  a n o t h e r  i m -  
p o r t a n t  p r o p e r t y  of  e x p l a n a t o r y  v a r i a b l e s  i s :  
i v )  e a s e  o f  r e l i z 5 l e  f o r e c a s t i n g .  
These p r o p e r t i e s  can  b e  used a s  c r i t e r i a  f o r  s e l e c t i n g  ap-  
p r o p r i a t e  e x p l a n a t o r y  v a r i a b l e s  a t  d i f f e r e n t  s t a g e s  o f  t h e  
a n a l y s i s .  
De te rmina t ion  o f  Model S t r u c t u r e  
The s e l e c t i o n  o f  a p p r o p r i a t e  e x p l a n a t o r y  v a r i a b l e s  i s  c l o s e l y  
connec ted  w i t h  d e t e r m i n a t i o n  o f  model s t r u c t u r e  f o r  e a c h  dependent  
v a r i a b l e .  Both l i n e a r  and n o n - l i n e a r  forms a r e  c o n s i d e r e d  i n  
t h i s  s tudy- - the  e f f e c t s  o f  e x p l a n a t o r y  v a r i a b l e s  on t h e  dependent  
v a r i a b l e  a r e  assumed t o  be  e i t h e r  a d d i t i v e  o r  m u l t i p l i c a t i v e .  
When t o t a l  g r o s s  m u n i c i p a l  w a t e r  demand i s  used a s  t h e  
dependen t  v a r i a b l e  i n  m u l t i p l e  r e g r e s s i o n ,  t h e  p o p u l a t i o n  i s  
c l e a r l y  o n e  o f  i m p o r t a n t  e x p l a n a t o r y  v a r i a b l e s .  I f  t h e  l i n e a r  
model i s  t o  be  used t o  r e g r e s s  t h e  t o t a l  g r o s s  m u n i c i p a l  w a t e r  
demand, e a c h  e x p l a n a t o r y  v a r i a b l e  s h o u l d  a l s o  b e  e x p r e s s e d  i n  
g r o s s  terms--e.g.  t o t a l  income r a t h e r  t h a n  p e r  c a p i t a  income 
( o t h e r w i s e ,  t h e  d imension i s  i n c o n s i s t e n t ) .  Then t h e  e x p l a n a t o r y  
v a r i a b l e s  a r e  l i k e l y  t o  b e  h i g h l y  c o r r e l a t e d  w i t h  e a c h  o t h e r * ;  
t h i s  i s  a g a i n s t  t h e  p r o p e r t y  (ii) l i s t e d  above.  The e f f e c t s  o f  
p o p u l a t i o n  o r  s i z e  o f  m u n i c i p a l i t y  s h o u l d  b e t t e r  be  s e p a r a t e d  
from e f f e c t s  o f  o t h e r  f a c t o r s .  Thus t h e  l o g - l i n e a r  i s  used i n  
t h i s  s t u d y  a s  a  model s t r u c t u r e  f o r  t h e  t o t a l  g r o s s  munic ipa l  
w a t e r  demand. 
I f  t h e  t o t a l  p e r  c a p i t a  m u n i c i p a l  w a t e r  demand i s  r e g r e s s e d ,  
t h e  p o p u l a t i o n  e f f e c t s  a r e  s e p a r a t e d  o u t  from t h e  a n a l y s i s .  I n  
t h i s  c a s e ,  t h e  l i n e a r  model may b e  u s e d ,  based  on t h e  assumpt ion  
t h a t  t h e  e f f e c t s  of  v a r i o u s  w a t e r - u s i n g  a c t i v i t i e s  a r e  a d d i t i v e  
t o  c o n s t i t u t e  t h e  t o t a l  p e r  c a p i t a  demand. The d a t a  b a s e  w i l l  
b e  t r ans fo rmed  s o  t h a t  t h e  e x p l a n a t o r y  v a r i a b l e s  r e p r e s e n t i n g  
t h e s e  a c t i v i t i e s  have  c o n s i s t e n t  d imension w i t h  t h e  dependen t  
v a r i a b l e .  
*An example may i l l u s t r a t e  t h i s  p o i n t .  Suppose two e x p l a n a t o r y  
v a r i a b l e s  x l  ( s a y ,  p o p u l a t i o n )  and X 2  ( p e r  c a p i t a  income) have 
v e r y  low c o r r e l a t i o n .  I f  r e l a t i v e  v a r i a t i o n  o f  o b s e r v e d  v a l u e s  
(assumii i  a l l  p o s i t i v e )  o f  X 2  i s  much s m a l l e r  t h a n  t h a t  o f  X I ,  
t h e n  X 1  and X1X2 ( t o t a l  income) a r e  l i k e l y  t o  be h i g h l y  c o r -  
r e l a t e d ,  t h e  e f f e c t  o f  l a r g e  v a r i a t i o n  i n  X 1  d o m i n a t i n g .  
F a c t o r  A n a l y s i s  a s  a  Guide f o r  S e l e c t i n g  E x p l a n a t o r y  V a r i a b l e s  
The s c r e e n i n g  p r o c e s s  t o  i d e n t i f y  a p p r o p r i a t e  s e t s  of  ex- 
p l a n a t o r y  v a r i a b l e s  c a n  b e  a i d e d  by t h e  u s e  o f  f a c t o r  a n a l y s i s .  
F a c t o r  a n a l y s i s  i s  a  t e c h n i q u e  t o  summarize t h e  i n f o r m a t i o n  con- 
t a i n e d  i n  t h e  d a t a  b a s e  f o r  e a s i e r  i n t e r p r e t a t i o n  i n  t h e  form 
o f  o r t h o g o n a l  f a c t o r s  ( u n c o r r e l a t e d  t o  e a c h  o t h e r )  which a r e  
c c n s t r u c t e d  a s  l i n e a r  combina t ions  o f  u n d e r l y i n g  v a r i a b l e s .  I t  
a l l o w s  c l a r i f i c a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  d a t a  b a s e  and iden-  
t i f i c a t i o n  o f  v a r i a b l e s  s t r o n g l y  a s s o c i a t e d  w i t h  e a c h  f a c t o r .  
There  a r e  s e v e r a l  p o s s i b l e  ways t o  u s e  f a c t o r  a n a l y s i s  i n  
w a t e r  demand s t u d y  (McCuen e t  a l . ,  1979; S e w e l l  and McClel lan ,  
1979) , b u t  e m p i r i c a l  s t u d i e s  a r e  s t i l l  l i m i t e d  (Gum and M a r t i n ,  
1977; K i m  and McCuen, 1 9 7 9 ) . *  T y p i c a l l y  when t h e r e  a r e  a  l a r g e  
number o f  e x p l a n a t o r y  v a r i a b l e s  h i g h l y  c o r r e l a t e d  w i t h  e a c h  o t h e r  
and t h u s  some v a r i a b l e s  may b e  r e d u n d a n t ,  f a c t o r  a n a l y s i s  c a n  be 
e f f e c t i v e l y  used  t o  r e d u c e  t h e  number o f  v a r i a b l e s .  F i r s t  t h e  
most s i g n i f i c a n t  f a c t o r s  themse lves  may b e  used  a s  compos i t e  
e x p l a n a t o r y  v a r i a b l e s  i n  r e g r e s s i o n - - p r i n c i p a l  components r e g r e s -  
s i o n  (McCuen e t  a 1  . , 1979) . I n t e r p r e t a t i o n  and measurement o f  
t h e s e  f a c t o r s ,  however, may n o t  b e  e a s y  and t h e i r  u s e  i n  f o r e -  
c a s t i n g  models may b e  d i s p u t a b l e .  Second ly ,  t h o s e  v a r i a b l e s  
s t r o n g l y  a s s o c i a t e d  w i t h  t h e  most  s i g n i f i c a n t  f a c t o r s  may b e  
s e l e c t e d  a s  an  a p p r o p r i a t e  set  o f  e x p l a n a t o r y  v a r i a b l e s  ( K i m  and 
McCuen, 1979) . 
U s e  of  f a c t o r  a n a l y s i s  i n  w a t e r  demand s t u d y  c a n  a l s o  be  
more i n c i d e n t a l .  I t  may happen, f o r  i n s t a n c e ,  t h a t  a  v a r i a b l e  
c o n s i d e r e d  t o  r e p r e s e n t  a  p a r t i c u l a r  w a t e r  u s e  component h a s  
h i g h  c o r r e l a t i o n  w i t h  t h e  f a c t o r  which a p p e a r s  t o  b e  t h e  l e a s t  
a s s o c i a t e d  w i t h  t h i s  component,  judged from o t h e r  v a r i a b l e s  
h a v i n g  h i g h  c o r r e l a t i o n  w i t h  t h i s  f a c t o r .  T h i s  may s u g g e s t  t h a t  
t h e  d a t a  b a s e  s h o u l d  be m o d i f i e d  s o  t h a t  t h i s  w a t e r  u s e  component 
w i l l  b e  r e p r e s e n t e d  i n  a  b e t t e r  way. 
*The f o l l o w i n g  d i s c u s s i o n s  a r e  m o s t l y  c o n f i n e d  t o  u s e s  o f  f a c t o r  
a n a l y s i s  f o r  w a t e r  demand s t u d y .  For  more g e n e r a l  d i s c u s s i o n s  
on  u s e s  o f  f a c t o r  a n a l y s i s ,  see, f o r  example Green (1979) o r  
B e n n e t t  and Bowers ( 1 9 7 6 ) .  
The u t i l i t y  o f  f a c t o r  a n a l y s i s  i n  w a t e r  demand s t u d y  i s  
supplementary;  it  c a n  n o t  be a n  e x c l u s i v e  t o o l  f o r  s e l e c t i n g  
e x p l a n a t o r y  v a r i a b l e s .  Other  p r o p e r t i e s - - e . g .  c o r r e l a t i o n  
between e x p l a n a t o r y  v a r i a b l e s  and t h e  dependent  v a r i a b l e s - - s h o u l d  
always be  c a r e f u l l y  checked.  
F a c t o r  a n a l y s i s  i s  performed on t h e  d a t a  b a s e  a l r e a d y  a s -  
sembled and g i v e n  i n  Tab le  2 .  Elements  o f  t h e  f a c t o r  m a t r i x  i n  
Table  3, c a l l e d  f a c t o r  l o a d i n g s ,  a r e  c o r r e l a t i o n  c o e f f i c i e n t s  
between t h e  v a r i a b l e s  and t h e  f a c t o r s .  Each f a c t o r  can  b e  i n t e r -  
p r e t e d  by l o o k i n g  a t  t h o s e  v a r i a b l e s  hav ing  h i g h  ( p o s i t i v e  o r  
n e g a t i v e )  l o a d i n g s  i n  t h e  r e s p e c t i v e  f a c t o r .  
The r e s u l t s  i n  Tab le  3  show t h a t  t h e  f i r s t  f a c t o r  a c c o u n t s  
f o r  a b o u t  62% o f  a l l  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  d a t a  b a s e ,  
and many v a r i a b l e s  a r e  s t r o n g l y  a s s o c i a t e d  w i t h  t h i s  f a c t o r  
( i . e .  have h i g h  f a c t o r  l o a d i n g s ) .  Th i s  f a c t o r  i s  s t r o n g l y  r e l a t e d  
t o  t h e  s i z e  o f  m u n i c i p a l i t y  a s  s e e n  from t h e  h igh  l o a d i n g s  a s -  
s o c i a t e d  w i t h  p o p u l a t i o n  and u r b a n i z e d  a r e a  ( v a r i a b l e s  i ,  and 
k 2 ) .  High l o a d i n g s  o f  o t h e r  v a r i a b l e s  i n  t h i s  f a c t o r  a r e  prob- 
a b l y  due t o  t h e  f a c t  t h a t  t h e s e  v a r i a b l e s  a r e  e x p r e s s e d  i n  g r o s s  
( t o t a l )  te rms r a t h e r  t h a n  i n  p e r  c a p i t a  o r  i n  r a t i o .  
T h i s  s i z e  f a c t o r  i s  c o n s i d e r e d  i m p o r t a n t  i n  e x p l a i n i n g  t h e  
t o t a l  g r o s s  munic ipa l  w a t e r  demand, b u t  may o r  may n o t  be impor- 
t a n t  f o r  t h e  t o t a l  p e r  c a p i t a  demand. I n  e i t h e r  c a s e ,  however, 
t h e  s i z e  e f f e c t s  shou ld  b e  s e p a r a t e d  from t h e  e f f e c t s  o f  o t h e r  
f a c t o r s  a s  s t a t e d  b e f o r e .  T h i s  can be  done by t r a n s f o r m i n g  
t h o s e  v a r i a b l e s  ( e x c e p t  t h e  p o p u l a t i o n  v a r i a b l e  2, i t s e l f l h a v i n g  
h i g h  f a c t o r  l o a d i n g s  i n  t h e  f i r s t  f a c t o r  i n t o  p e r  c a p i t a  v a l u e s  
o r  o t h e r  a p p r o p r i a t e  r a t i o s .  For  i n s t a n c e ,  t h e  u r b a n i z e d  a r e a  
i s  e x p r e s s e d  i n  r a t i o  t o  t h e  t o t a l  a r e a  o f  m u n i c i p a l i t y ;  t h e  
t a x a b l e  income and p r o p e r t y  v a l u e  a r e  e x p r e s s e d  i n  p e r  c a p i t a  
v a l u e s .  The r e v i s e d  d a t a  a r e  g i v e n  i n  Tab le  4 .  
F a c t o r  a n a l y s i s  i s  a g a i n  performed on t h e  r e v i s e d  d a t a  b a s e  
(see Table  4 )  and t h e  r e s u l t s  a r e  g i v e n  i n  Tab le  5 .  Four f a c -  
t o r s  a r e  i d e n t i f i e d  a s  r e l a t i v e l y  s i g n i f i c a n t .  The f i r s t  f a c t o r  
i n  Table  S may be i n t e r p r e t e d  a s  r e p r e s e n t i n g  t h e  l e v e l  o f  
u r b a n i z a t i o n - - t h e  number o f  p e o p l e  connec ted  t o  t h e  munic ipa l  
s u p p l y  sys tem,  t h e  r a t i o  o f  u r b a n i z e d  t o  t o t a l  a r e a ,  t h e  a n n u a l  
Table 3 .  Factor matrix 1  (corresponding to the original data 
base glven in Table 2) 















8  1 9  1 0  
11  
- 




Principal factor' a 
1  
0 . 9 8 5  
0 . 9 8 4  
0 . 9 0 8  
0 .134  
0 . 9 8 9  
-0 .524  
0 . 9 4 4  
0 . 9 6 7  
0 . 9 7 9  
0 . 5 6 2  
0 . 1 4 2  
0 . 4 8 2  
61 . 9  
2  
0 . 0 6 0  
0 . 0 7 0  
0 . 0 0 1  
0 . 7 9 6  
0 . 0 1 2  
-0 .137  
0 . 0 3 0  
0 . 1 0 0  
0 . 0 3 3  
0 .409  
0 . 7 2 4  
- 0 . 6 1 2  
7 6 . 1  



















Explanatory Variable b) 
X1 
7 . 4  
5 . 0  
1 3 . 7  
1 3 . 8  
1 7 . 5  
1 3 . 0  
1 6 . 2  
6 . 4  
1 0 . 5  
7 . 3  
5 . 6  
7 . 4  
2 3 5 . 0  
7 1 . 3  
3 3 . 0  
9 6 . 5  
1 8 . 3  
Esl6v 1 1 9 . 9  
Ystad 1 2 0 . 5  
Trelleborg 1 2 9 . 5  
'2 
1 . 6 7  
1  . 9 8  
5 . 7 5  
2 9 . 4 1  
1 3 . 9 2  
8 . 9 6  
6 . 6 1  
2 . 6 8  
3 . 1 0  
1 . 3 6  
0 . 9 5  
2 . 5 8  
4 5 . 5 4  
6 . 7 6  
1 0 . 9 3  
1 2 . 2 4  
8 . 5 4  
3 . 0 4  
2 . 9 2  
'3 
8 . 9 7  
7 . 4 9  
9 . 0 5  
9 . 8 2  
8 . 4 1  
9 . 0 7  
8 . 9 6  
8 . 7 1  
8 . 0 3  
8 . 1 0  
8 . 6 2  
9 . 1 3  
1 2 . 0 8  
1 1 . 6 2  
1 0 . 3 7  
1 0 . 5 3  
9 . 2 2  
9 . 8 8  
, 9 . 7 6  





140 '  
1 2 0  
250 
1 4 0  
250 
200 
1 5 0  
1 1 0  
1 2 0  
210 
218 





2 3 . 4 2  
'5 
2 1 . 3 7  
1 8 . 6 9  
2 2 . 3 9  
2 4 . 8 4  
2 5 . 9 4  
2 4 . 3 2  
2 9 . 8 0  
1 7 . 8 9  
1 5 . 1 0  
2 6 . 3 3  
3 8 . 1 0  
2 8 . 0 2  
2 7 . 1 5  
2 4 . 2 6  
2 6 . 5 4  
2 3 . 2 7  
2 7 . 9 1  
2 5 . 1 0  
2 1 . 1 6  
2 . 4 1  
'6 
2 . 5 3  
3 . 3 5  
3 . 1 2  
2 . 6 0  
2 . 9 8  
2 . 6 5  
2 .72  
2 . 5 0  
2 . 4 4  
2 . 4 1  
2 . 2 9  
2 . 4 2  
2 . 0 7  
2 . 2 4  
2 . 2 6  
2 . 2 3  
2 . 5 8  
2 . 4 8  
2 . 2 5  
3 3 . 2  
'7 
3 2 . 1  
0 . 1  
4 2 . 9  
1 0 6 . 6  
6 . 5  
1 4 3 . 6  
72 .1  
9 . 2  
2 3 . 9  
1 5 . 3  
6 . 1  
3 4 . 8  
5 0 . 2  
8 . 8  
6 1 . 7  
5 3 . 4  
1 3 . 1  
7 7 . 9  
3 6 . 6  
3 7  j 8 7  - 76 
'8 
6 2  
8 7  




6 5  





1 3  
4 4 ! 8 5 / 7 2  
39  1 8 7  74  
I 
1 2 5  
'9 
8 6  
9 5  
96 
94  
9 3  
84  
91 
9 3  
86 
84 
8 5  
86 
91 
2 5 , 8 9  
1 6 7 3  
1 0 0  
137  
2 5  1 8 3  
2 3 1 8 7  






8 2  
9 8  
8 2  
91 
8 0  




7 2  
9 9  
9 2  
91 
94 
8 5  
'11 
1 1 0  
1 2 0  
1 3 3  
1 0 0  
1 0 0  
1 2 5  
1 2 5  
1 6 7  
1 2 5  
1 0 0  
1 1 0  
1 2 0  
1 2 0  
1 8 3  
'1 2  
3 3 0  
88  
1 8  
3  
3 3 0 3  
57 
9 4 7  
1 2 9  
486  
2066  
1 4 0 7  
2241 
2 7 5 3  
81 1  
11P 
1 4 1  
1 0 6  
1 3 7 6  
1 1 2 6  
1 4 8 3  
Table 4.: Notes: 
a): Tht- municipality of Lornrna is not included 
- Y 
- b): Xi - Xi for i=1,4,6,13,12 
X1 = population connected to municipal water supply system in 103 persons 
X2 = ratio urbanized area to total area in $ 
X3 = annual taxable income per capita in 1 0 ~ ~ ~ r / ~ e r s o n  
X4 = variable costs charged to users for water and sewer in 0 .O1 SKr/m 3 
X5 = taxable non-agricultural property value per capita in 10 SKr/person 
X6 = number of persons per household in urbanized area 
X7 = number of people employed in water intensive industry per 1000 population 
X8 = ratio of households in one- and two-family houses to total number of households in X 
Xg = ratio apartments in quality group 1-2 to total number of apartnents in X 
X10 = ratio urban population to total population in $ 
= price change (1975 price of water and sewer as X of 1974 
price) 
X12 = number of weekend houses 
Table 5 .  Factor matrix 2  (corresponding to the data base given 
in Table 4 )  













'1 0  
X1 1  




Principal factors- a) 
1  
0 . 8 9 0  
0 . 8 7 1  
0 . 8 7 8  
0 . 0 9 7  
0 . 1 4 5  
- 0 . 4 3 4  
0 . 2 0 4  
-0 .71  9 
0 . 1 9 9  
0 . 7 1 6  
0 . 2 3 6  
- 0 . 3 6 3  
35 .4  
4  
- 0 . 0 8 5  
0 . 2 7 6  
- 0 . 0 2 2  
0 . 1 5 5  
0 . 0 5 4  
0 . 1 0 4  
0 . 8 8 1  
- 0 . 0 3 9  
- 0 . 1 9 0  
0 . 2 9 3  
- 0 . 5 7 3  
- 0 . 2 7 1  
8 5 . 8  
2  
- 0 . 1 1 8  
0 . 2 0 5  
- 0 . 2 6 6  
-0 .369  
- 0 . 0 9 2  
0 . 8 6 6  
- 0 . 1 1 4  
0 . 5 5 2  
0 .901  
0 . 3 6 4  
- 0 . 0 0 6  
-0 .319  
5 7 . 0  
3  
- 0 . 0 0 3  
- 0 . 1 5 5  
0 . 1 7 2  
0 . 7 6 1  
- 0 . 8 4 2  
-0 .001  
0 . 1 6 6  
-0 .281  
0 . 0 7 5  
0 . 3 2 7  
0 . 6 2 6  
- 0 . 7 6 2  
7 4 . 5  
t a x a b l e  income p e r  c a p i t a ,  and t h e  r a t i o  o f  urban t o  t o t a l  popula-  
t i o n  have h i g h  f a c t o r  l o a d i n g s .  V a r i ~ h l e s  X 6 ,  X 8 ,  and X 9 ,  
r e p r e s e n t i n g  hous ing  t y p e s  have  h i g h  l o a d i n g s  i n  t h e  second 
f a c t o r ,  and f o u r t h  f a c t o r  c l e a r l y  r e p r e s e n t s  t h e  l e v e l  o f  indus -  
t r i a l  a c t i v i t i e s .  The t h i r d  f a c t o r  i s  more d i f f i c u l t  t o  i n t e r -  
p r e t .  The p r i c e  v a r i a b l e s  have r e l a t i v e l y  l a r g e  p o s i t i v e  v a l u e s  
o f  f a c t o r  l o a d i n g ,  w h i l e  t h e  n o n - a g r i c u l t u r a l  p r o p e r t y  v a l u e  
and t h e  number o f  weekend houses  have l a r g e  n e g a t i v e  v a l u e s .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  income v a r i a b l e  ): h a s  3 
h i g h  l o a d i n g  i n  t h e  u r b a n i z a t i o n  f a c t o r  b u t  n o t  i n  t h e  t h i r d  
f a c t o r  which a p p e a r s  t o  be more d i r e c t l y  r e l a t e d  t o  w a t e r  use  
b e h a v i o r .  I n s t e a d ,  t h e  p r o p e r t y  v a l u e  X5 h a s  l a r g e  n e ~ a t i v e  
l o a d i n g  i n  t h i s  f a c t o r .  
Any v a r i a b l e  hav ing  a  h i g h  f a c t o r  l o a d i n g  f o r  a  p a r t i c u l a r  
* 
f a c t o r  c a n  be  used i n  r e g r e s s i o n  t o  r e p r e s e n t  t h i s  f a c t o r .  I n  
t h i s  way, a  set o f  e x p l a n a t o r y  v a r i a b l e s  s a t i s f y i n g  t h e  p r o p e r t y  
(ii) l i s t e d  b e f o r e  - low c o r r e l a t i o n  among e x p l a n a t o r y  v a r i a b l e s  - 
i s  l i k e l y  t o  be i d e n t i f i e d ,  s i n c e  t h e  f a c t o r s  themse lves  a r e  
independen t  o f  e a c h  o t h e r .  Of c o u r s e ,  t h e  c o r r e l a t i o n  between t h e  
e x p l a n a t o r y  v a r i a b l e s  and t h e  dependent  v a r i a b l e  s h o u l d  a l s o  be  
checked. When t h e r e  a r e  s e v e r a l  v a r i a b l e s  w i t h  h i g h  f a c t o r  
l o a d i n g s  ( a s  i n  t h e  c a s e  w i t h  o u r  d a t a  b a s e )  f o r  a  g i v e n  f a c t o r  
and t h e  same l e v e l  o f  c o r r e l a t i o n  w i t h  t h e  dependen t  v a r i a b l e ,  
o t h e r  c r i t e r i a  such  a s  h igh  r e l a t i v e  v a r i a t i o n  ( t h e  p r o p e r t y  
(iii) ) c a n  b e  used t o  select among them. 
V.  TOTAL GROSS MUNICIPAL WATER DEMAND 
I n  S e c t i o n  I V ,  t w e l v e  v a r i a b l e s  were i d e n t i f i e d  a s  poten-  
t i a l l y  i m p o r t a n t  i n  e x p l a i n i n g  t h e  t o t a l  g r o s s  munic ipa l  w a t e r  
demand. A way o f  u s i n g  f a c t o r  a n a l y s i s  t o  se lec t  t h e  most ap- 
p r o p r i a t e  s e t s  o f  e x p l a n a t o r y  v a r i a b l e s  from t h e s e  twelve  v a r i -  
a b l e s  was a l s o  s u g g e s t e d .  
Four p r i n c i p a l  f a c t o r s  were i d e n t i f i e d  by f a c t o r  a n a l y s i s .  
These a r e  c a l l e d  ( i )  t h e  u r b a n i z a t i o n  f a c t o r ,  (ii) t h e  hous ing  
f a c t o r ,  (iii) t h e  demand s e n s i t i v i t y  f a c t o r ,  and ( i v )  t h e  
* 
I t  i s  p o s s i b l e  t o  choose more t h a n  one v a r i a b l e  from each f a c t o r ,  
b u t  t h i s  may n o t  be  v e r y  meaningful .  B e s i d e s ,  it may l e a d  t o  
i r r a t i o n a l  s i g n  and/or  magnitude o f  r e g r e s s i o n  c o e f f i c i e n t s  due 
t o  m u l t i c o l l i n e a r i t y .  
i n d u s t r i a l i z a t i o n  f a c t o r .  Var iab les  having high f a c t o r  l oad ings  
i n  t h e s e  f a c t o r s  c o n s t i t u t e  an a p p r o p r i a t e  s e t  o f  exp lana tory  
v a r i a b l e s .  
Var iab le  X (popula t ion  connected) i s  s e l e c t e d  t.o r e p r e s e n t  I 
t h e  u rban iza t ion  f a c t o r .  Var iab le  X has  t h e  l a r g e s t  a b s o l u t e  5 
value of  f a c t o r  l oad ing  i n  t h e  demand s e n s i t i v i t y  f a c t o r  bu t  i t s  
r e l a t i v e  v a r i a t i o n  o f  observed va lues  i s  much lower than  v a r i a b l e  
12' which has  t h e  second l a r g e s t  f a c t o r  l oad ing .  Var i ab l e s  % 
and X have a lmost  t h e  same f a c t o r  l oad ing  on t h e  housing f a c t o r .  9 
The i n d u s t r i a l i z a t i o n  f a c t o r  i s  n a t u r a l l y  r ep re sen ted  by v a r i -  
a b l e  X 7 -  
I n  a d d i t i o n  t o  t h e  s i x  v a r i a b l e s  i d e n t i f i e d  above, t h e  p r i c e  
v a r i a b l e s  ( X 4  and X l l )  a r e  a l s o  cons idered  i n  r e g r e s s i o n ,  s i n c e  
p r i c i n g  i s  cons ide red  t o  be a  major t o o l  t o  a f f e c t  wate r  use ,  
i f  t h e  water  demand i s  p r i c e  e l a s t i c .  Stepwise r e g r e s s i o n  i s  run  
on t h e s e  e i g h t  v a r i a b l e s  w i th  t h e  l o g - l i n e a r  form assumed t o  be 
an a p p r o p r i a t e  model s t r u c t u r e  f o r  t h e  t o t a l  g r o s s  municipal  
wate r  demand.* The r e s u l t s  a r e  summarized i n  Table 6 .  
The r e s u l t s  show t h a t  t h e  popula t ion  connected ( v a r i a b l e  
X ) i s  t h e  most impor tan t  one i n  e x p l a i n i n g  t h e  t o t a l  g r o s s  1 
municipal  wate r  demand ( a s  e x p e c t e d ) ,  and t h e  i n d u s t r i a l i z a t i o n  
f a c t o r  ( v a r i a b l e  X ) is t h e  nex t  impor tan t  v a r i a b l e .  The r eg re s -  7 
s i o n  c o e f f i c i e n t  a s s o c i a t e d  w i t h  t h e  v a r i a b l e  X i s  appa ren t ly  9 
i r r a t i o n a l ,  s i n c e  accord ing  t o  t h e  model t h e  e f f e c t  of  t h i s  
v a r i a b l e  on t h e  dependent v a r i a b l e  i s  i n  one o r d e r  o f  mag- 
n i t u d e  l a r g e r  than t h e  e f f e c t s  of  any o t h e r  v a r i a b l e .  
The p o s i t i v e  va lues  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  asso-  
c i a t e d  wi th  the  p r i c e  v a r i a b l e s  X and X l l  a r e  n o t  n e c e s s a r i l y  4 
i r r a t i o n a l  pe r  s e ,  bu t  t h e i r  v a l i d i t y  i n  wate r  demand r e l a t i o n -  
s h i p  i s  very q u e s t i o n a b l e .  
  he r e g r e s s i o n  c o e f f i c i e n t s  may n o t  
* 
The s tepwise  m u l t i p l e  r e g r e s s i o n  programme i n  t h e  SSP L ib ra ry  
( I B M  System/360 S c i e n t i f i c  Subrout ine  Package) was used f o r  
t h e  p r e s e n t  s tudy .  This  programme s e l e c t s  t h e  explana tory  
v a r i a b l e s  one by one i n  t h e  o r d e r  of  t h e i r  importance.  The 
c r i t e r i o n  o f  importance i s  based on t h e  r educ t ion  o f  t h e  sum 
o f  squa re s  of  observed va lues  of  t h e  dependent v a r i a b l e .  
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r e f l e c t  t h e  p r i c e  r e s p o n s e  o f ,  o r  t h e  p r i c e  e f f e c t s  on ,  t h e  
w a t e r  u s e r s  s i n c e  t h e  c a u s a l  r e l a t i o n s h i p s  may be r a t h e r  t h e  
o t h e r  way around ( e . 9 .  h igh  demand -9 stress on supp ly  & 
* 
h i g h e r  p r i c e )  . 
Excluding t h e  p r i c e  v a r i a b l e s  and v a r i a b l e  Y3, and r e p r e -  
s e n t i n g  t h e  demand s e n s i t i v i t y  f a c t o r  by e i t h e r  t h e  v a r i a b l e  
X o r  X t h e  f o l l o w i n g  w a t e r  use  e q u a t i o n s  can  be i d e n t i f i e d :  5 12'  -
The doub le  and t h e  s i n g l e  a s t e r i s k s  and t h e  c r o s s  a f t e r  t h e  t - v a l u e  
g i v e n  i n  t h e  p a r e n t h e s i s  h e r e  and t h e r e a f t e r ,  d e n o t e  t h e  s i g n i f -  
i c a n t  l e v e l s  a t  I $ ,  5% and 2096, r e s p e c t i v e l y .  
The v a l u e  o f  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n ,  o r  t h e  m u l t i p l e  
c o r r e l a t i o n  c o e f f i c i e n t  R s q u a r e d  i s  v e r y  h i g h  f o r  e i t h e r  model. 
T h i s ,  however, s h o u l d  n o t  be t a k e n  a s  a  s i g n  o f  g o o d n e s s - o f - f i t  
-
by i t s e l f .  The r e s i d u a l s  o f  t h e  e s t i m a t e s  a r e  i m p o r t a n t  c r i t e r i a  
t o  judge g o o d n e s s - o f - f i t ,  when t h e  p r a c t i c a l  use  o f  t h e  model i s  
o f  concern .  The e s t i m a t e s  o f  t h e  second model above, r a n g e  from 
0.54 1 ( f o r  m u n i c i p a l i t y  o f  Bjuv) t o  1.378 ( f o r  Bur lbv)  t i m e s  t h e  
obse rved  w a t e r  use  f i g u r e s .  
V a r i a b l e  X r e p r e s e n t i n g  t h e  hous ing  f a c t o r  i s  r e l a t i v e l y  i n -  
6 
s i g n i f i c a n t  a s  s e e n  from t h e  s m a l l  t - v a l u e  and t h e  i n c o n s i s t e n t  s i g n  
a s s o c i a t e d  w i t h  i t s  r e g r e s s i o n  c o e f f i c i e n t  i n  e i t h e r  model. T h i s  
i s  probab ly  due t o  t h e  f a c t  t h a t  t h e  househo ld  component o f  t h e  
t o t a l  munic ipa l  w a t e r  u s e  does  n o t  v a r y  much among m u n i c i p a l i t i e s .  
E l i m i n a t i n g  t h i s  v a r i a b l e ,  t h e  f o l l o w i n g  a l t e r n a t i v e  w a t e r  u s e  
e q u a t i o n s  a r e  o b t a i n e d :  
* 
Genera l  t r e a t m e n t  o f  t h i s  phenomena l e a d s  t o  t h e  s o - c a l l e d  " iden-  
t i f i c a t i o n  problem" ( s e e  f o r  example, J o h n s t o n ,  1 9 7 2 ) .  Given o n l y  
l i m i t e d  o b s e r v a t i o n s  on price and w a t e r  demand. t h e r e  i s  no 
a p r i o r i  r e a s o n  t o  b e l i e i e  t h a t  t h e  obse rved  p;ice i s  n e g a t i v e l y  
c o r r e l a t e d  w i t h  t h e  w a t e r  u s e ,  even i f  t h e  w a t e r  demand i s  e l a s t i c .  
See a l s o  S e c t i o n  V I I .  
The r e g r e s s i o n  c o e f f i c i e n t  a s s o c i a t e d  w i t h  t h e  p o p u l a t i o n  
( v a r i a b l e  X ) i s  c l o s e  t o  u n i t y  i n  any o f  t h e  models above.  T h i s  1 
p a r t l y  j u s t i f i e s  t r e a t i n g  t h e  t o t a l  g r o s s  m u n i c i p a l  w a t e r  demand 
a s  t h e  p e r  c a p i t a  demand t i m e s  t h e  p o p u l a t i o n .  I n  t h e  n e x t  sec- 
t i o n ,  t h e  p e r  c a p i t a  munic ipa l  w a t e r  demand i s  used a s  t h e  
dependent  v a r i a b l e .  
V I .  TOTAL PER CAPITA MUNICIPAL WATER DEMAND 
Before  s e l e c t i n g  t h e  most a p p r o p r i a t e  e x p l a n a t o r y  v a r i a b l e s  
f o r  t h e  t o t a l  p e r  c a p i t a  m u n i c i p a l  w a t e r  demand, minor modi f i ca -  
t i o n s  must be made t o  t h e  d a t a  b a s e  assembled i n  S e c t i o n  I V .  
The v a r i a b l e  X ( p o p u l a t i o n  connec ted)  i s  removed, and t h e  1 
number o f  weekend houses  ( v a r i a b l e  X ) is  t r a n s f o r m e d  i n t o  p e r  1 2  
c a p i t a  v a l u e  t o  make t h e  d imension c o n s i s t e n t  w i t h  t h e  dependent  
v a r i a b l e .  T h i s  does  n o t  change t h e  s t r u c t u r e  o f  t h e  d a t a  base  
i n  any s i g n i f i c a n t  way. 
F a c t o r  a n a l y s i s  o f  t h e  modi f i ed  d a t a  b a s e  i d e n t i f i e s  f o u r  
p r i n c i p a l  f a c t o r s  (see Table  7 ) .  Again,  t h e s e  f a c t o r s  may be 
c a l l e d  (i) t h e  u r b a n i z a t i o n  f a c t o r ,  (ii) t h e  hous ing  f a c t o r ,  
(iii) t h e  demand s e n s i t i v i t y  f a c t o r ,  and ( i v )  t h e  i n d u s t r i a l i z a -  
t i o n  f a c t o r .  Roughly s p e a k i n g  f a c t o r s  (i) , (ii) and ( i v )  may 
cor respond  t o  commerc ia l /pub l i c ,  household  and i n d u s t r i a l  com- 
ponen t s  o f  t h e  t o t a l  p e r  c a p i t a  m u n i c i p a l  w a t e r  demand, r e s p e c -  
t i v e l y .  
The p rocedure  f o l l o w e d  i n  S e c t i o n  V can a g a i n  be  used t o  
model t h e  t o t a l  p e r  c a p i t a  m u n i c i p a l  w a t e r  demand. F i r s t ,  t h e  
v a r i a b l e s  hav ing  h i g h  l o a d i n g s  f o r  a  g iven  f a c t o r  a r e  s e l e c t e d  
a s  c a n d i d a t e s  t o  r e p r e s e n t  t h a t  f a c t o r .  The r e l a t i v e  v a r i a t i o n  
o f  each  v a r i a b l e  and i t s  c o r r e l a t i o n  w i t h  t h e  dependent  v a r i a b l e  
a r e  a l s o  c o n s i d e r e d .  T h i s  l e a d s  t o  u s e  o f  t h e  f o l l o w i n g  v a r i a b l e s :  
Table  7: F a c t o r  Mat r ix  3 
a :  The v a r i a b l e s  c o r r e s p o n d  t o  t h e  d a t a  b a s e  i n  Tab le  4 
- xi - Xi f o r  i = 2 , .  . . , 1 1 )  e x c e p t  t h e  v a r i a b l e  X 1 2  
h a s  been t r a n s f o r m e d  i n t o  p e r  c a p i t a  v a l u e s  x12 .  
b:  Only t h o s e  f a c t o r s  hav ing  t h e  e i g e n v a l u e  g r e a t e r  t h a n  
u n i t y  a r e  shown. 
f o r  t h e  u r b a n i z a t i o n  f a c t o r :  x 2 ,  x i O ;  
f o r  t h e  h o u s i n g  f a c t o r :  x6 ,  x8 ;  
f o r  t h e  demand s e n s i t i v i t y  f a c t o r :  x 5 ,  x 1 2 ;  and  
f o r  t h e  i n d u s t r i a l i z a t i o n  f a c t o r ,  x 7 .  
Assuming l i n e a r  s t r u c t u r e  o f  t h e  model ,  s t e p w i s e  r e g r e s -  
s i o n  i s  u s e d  o n  t h e  s e v e n  v a r i a b l e s  l i s t e d  a b o v e ,  p l u s  t h e  p r i c e  
v a r i a b l e s  x  and  x  l. 
The r e s u l t s  a r e  summarized i n  T a b l e  8 .  F i r s t  t h e  r a t i o  o f  
p e o p l e  employed i n  w a t e r - i n t e n s i v e  i n d u s t r y  ( v a r i a b l e  x  ) i s  7 
found  most  s i g n i f i c a n t  i n  e x p l a i n i n g  t h e  t o t a l  p e r  c a p i t a  munic- 
i p a l w a t e r  demand. Second ,  t h e  p r i c e  v a r i a b l e s  x  a n d  x l l  e n t e r  4 
t h e  r e g r e s s i o n  w i t h  t h e  p o s i t i v e  c o e f f i c i e n t s  a s  b e f o r e .  
The r e s u l t s  o f  s t e p w i s e  r e g r e s s i o n ,  r u n  w i t h o u t  t h e  p r i c e  
v a r i a b l e s ,  a r e  g i v e n  i n  T a b l e  9 .  I f  t h e  v a r i a b l e  t h a t  e n t e r s  
t h e  r e g r e s s i o n  f i r s t  i s  s e l e c t e d  a s  t h e  b e s t  e x p l a n a t o r y  v a r i -  
a b l e  f o r  e a c h  f a c t o r ,  t h e  f o l l o w i n g  w a t e r  - u s e  e q u a t i o n  i s  o b t a i n e d :  
The v a l u e s  o f  r e g r e s s i o n  c o e f f i c i e n t  a s s o c i a t e d  w i t h  v a r i a b l e  
x6 i n  T a b l e  8  and  T a b l e  9 a r e  v e r y  l a r g e ,  and  i n t r o d u c t i o n  o f  
t h i s  v a r i a b l e  c h a n g e s  t h e  i n t e r c e p t  o f  t h e  r e g r e s s i o n  e q u a t i o n  
s i g n i f i c a n t l y .  No r e a s o n a b l e  j u s t i f i c a t i o n  c a n  b e  g i v e n  t o  
e x p l a i n  t h i s  e x c e p t  t h a t  it  i s  p a r t l y  due  t o  t h e  low v a r i a t i o n  
i n  o b s e r v e d  v a l u e s  o f  t h i s  v a r i a b l e .  I f  v a r i a b l e  x8 i s  used  
i n s t e a d  t o  r e p r e s e n t  t h e  h o u s i n g  f a c t o r ,  t h e  f o l l o w i n g  a l t e r n a t i v e  
i s  o b t a i n e d :  
Table 8:  Stepwise Regression o f t h e  T o t a l  Per  Capi ta  Municipal Water Demand 
a: The f i r s t  s t e p  column, f o r  i n s t a n c e ,  ~ e a d s  : y  = 224.55  + 2.610 x 7 .  
- - 
- A. 4 
Regression c o e f f i c i e n t 2 / ( +  - va lue  
b: The double and s i n g l e  a s t e r i s k s  and t h e  c r o s s  denote t h e  s i g n i f i c a n c e -  a t  186, 5% and 20% 
l e v e l s ,  r e s p e c t i v e l y .  
v a r i a b l e s  1  
x2 = r a t i o  urbanized 
a r e a  
x4 = v a r i a b l e  c o s t  
charged 
x5 = n o n - a g r i c u l t u r a l  
p roper ty  va lue  
p e r  c a p i t a  
X6 = number of  persons 
p e r  household 
x7 = r a t i o  employed - 6 1 0  
i n  water- 6.00**)  
i n  t e n s  i ve 
i n d u s t r y  
x8 = r a t i o  households 
i n  one- and two- 
2  
---- 
2 .785  
( 7 . 0 0 * * )  
1 .670  
( 2 . 2 3 * )  
2 9 . 6 3  
0 . 8 4 9  
0 .734  
24 .87  
family houses 
r a t i o  urban 
X1 '= popula t ion  
x l l =  p r i c e  change 
1974 .75  
x12= number of weekend 
houses 
i n t e r c e p t  
R  * 
R~ 
F 
2 2 4 . 5 5  
0 . 8 1 3  
0 .661  
36.98 
3  
0 . 5 7 5  
( 1 . 4 9 * )  
2 .610  
(6.49**) 
1 . 2 5 8  
( 1 . 6 2 * )  
6 . 4 9  
0 . 8 6 0  
0 . 7 6 5  
18 .45  
4  
0 .720  
(1 .77*)  
2 .755  
( 6 . 5 P * )  
0 .846  
( 1 . 0 8 )  
1 . 5 1 9  
( 1 . 8 8 * )  
9 2 . 6 7  
0 .862  
0 .781  
1 4 . 2 6  
0 .758  
( 1 . 9 6 * )  
- 1 2 0 . 0 3  
1 6 4 *  
2 .966  
( 7 . 0 3 * :  
2 . 5 7 3  
(1 .99*)  
1 . 8 3 0  
( 2 . 3 1 9 )  
73 .58  
0 .876  
0 .814  
1 3 . 1 5  
0 . 9 8 4  i1.108 1 .275  
(2 .38*)  
4 .282  
( 1 . 2 4 )  
-89.51 
( 0 . 8 6 )  
3 .120  
( 6 . 5 F * j  
3 .144  
(1 .71*)  
-1.624 
( 0 . 7 7 )  
2 . 8 7 3  
( 2 . 5 1 * )  
-229 .65  
0 .870  
0 .842  
8 .02  
( 2 . 2 5 * )  
3 .414  
( 1 . 0 9 )  
-104 .26  
(1 .41*)  
1 . 2 1 8  
( 2 . 0 5 * )  1 
4.619 
( 1 . 2 2 )  
-107 .66  
( 0 . 8 5 )  
3 .071  
( 5 . 8 2 * )  
3 .327  
(1 .65*)  
-1 .624  
( d .  74)  
2 .776  
( 2 . 2 3 * )  
-0-083 
( 0 . 2 8 )  
-179 .51  
0 .860  
0 . 8 4 3  
6 .59  
(2 .30*)  
3 . 3 9 0  
( 1 . 0 6 )  
-132 .40  
( 1 . 5 4 * )  
I 
2.981 1 2 . 9 6 8  
( 7 .  I@*)  ( 6 . 9 3 * )  
2 .599  
( 2 . 0 3 * )  
2 .147  
( 2 . 5 6 * )  
3.412 
(1 .93*)  
2 . 3 5 0  
( 2 . 5 9 * )  
1 
I 
- 1 1 9 . 7 5  ~ 1 4 0 . 2 3  
0 .878  
0 . 8 2 9  
11 .29  
0 .874  
0 . 8 3 5  
9 . 3 7  
Table 9. Stepwise Regression of the Total Per capita tluni~i~al Water Use (without price variables) 




x = ratio urbanized area 2 
x = non-agricultural property 5 
value per capita 
x = number of persons per 
household 
x = ratio employed in water- 
intensive industry 
x = ratio households in one- 
and two-family houses 
0 = ratio urban population 






Regression coefficient ( t-valuea) ) 
1 
2.610 
























































































Despi te  t h e  lower  v a l u e  o f  t h e  m u l t i p l e  c o r r e l a t i o n  c o e f f i -  
c i e n t  ~2 ( o r  R*) f o r  t h e  model above,  tl-LL f i t  i s  bet ter  t h a n  i n  
t h e  models o f  t h e  t o t a l  g r o s s  munic ipa l  w a t e r  u se ,  g iven  i n  
S e c t i o n  V, w i t h  r e s p e c t  t o  t h e  r e s i d u a l s  o f  t h e  e s t i m a t e s .  The 
r e l a t i v e  r e s i d u a l  o f  t h e  model above t a k e s  t h e  maximum v a l u e  
35% f o r  t h e  m u n i c i p a l i t y  o f  Bur ldv,  b u t  i s  less t h a n  20% f o r  
most o f  t h e  m u n i c i p a l i t i e s  (see a l s o  F i g u r e  7)  . The l o g - l i n e a r  
form o f  r e g r e s s i o n  e q u a t i o n  was a l s o  t e s t e d ,  b u t  t h e  f i t  i n  
g e n e r a l  was p o o r e r .  
V I I  PROBLEM OF FORECASTING 
Regress ion  a n a l y s e s  have been made on t h e  c r o s s - s e c t i o n  
d a t a  f o r  twenty  m u n i c i p a l i t i e s  i n  Malmdhus County i n  1975, by 
u s i n g  t h e  t o t a l  g r o s s  and t h e  t o t a l  p e r  c a p i t a  munic ipa l  w a t e r  
demand a s  t h e  dependent  v a r i a b l e s .  The c r o s s - s e c t i o n  s t u d i e s ,  
however, a r e  s t a t i c  i n  n a t u r e  and t h e i r  u se  f o r  f o r e c a s t i n g  i s  
n o t  u n c o n d i t i o n a l l y  j u s t i f i e d  a s  d i s c u s s e d  i n  t h e  fo l l owing .  
I f  a l l  t h e  m u n i c i p a l i t i e s  have t h e  same agg rega t ed  demand 
c u r v e  - i . e .  t h e  same p r i c e  r e sponse ,  g iven  a l l  o t h e r  demand- 
a f f e c t i n g  f a c t o r s  ( e . g .  w e l f a r e  l e v e l ) ,  and i f  effects o f  f a c t o r s  
i n c l u d i n g  p r i c e  a r e  p r o p e r l y  r e p r e s e n t e d  by a  se t  o f  e x p l a n a t o r y  
v a r i a b l e s ,  t h e n  s t r a i g h t f o r w a r d  r e g r e s s i o n  on t h i s  set  o f  ex- 
p l a n a t o r y  v a r i a b l e s  u s i n g  c r o s s - s e c t i o n  d a t a  w i l l  p r o v i d e  a n  
a p p r o p r i a t e  wa t e r  demand r e l a t i o n s h i p .  Note i n  t h i s  c a s e  t h a t  
e a c h  m u n i c i p a l i t y  may have a  d i f f e r e n t  supp ly  cu rve ,  b u t  t h i s  
does  n o t  pose  any s e r i o u s  problem a s  i l l u s t r a t e d  by F i g u r e  8 ( a ) .  
I n  t h i s  f i g u r e  i s  i l l u s t r a t e d  t h a t  t h e  i n t e r s e c t i o n s  between 
t h e  common demand c u r v e  and t h e  d i f f e r e n t  supp ly  cu rves  S1,  S2 
and S3 a l l ow  i n f e r e n c e  o f  t h e  r e l e v a n t  demand cu rve .  
Such a  f o r t u n a t e  s i t u a t i o n  a s  d e s c r i b e d  above does  n o t  
u s u a l l y  e x i s t  i n  r e a l i t y  f o r  two major  r e a s o n s .  F i r s t ,  a l l  t h e  
demand a f f e c t i n g  f a c t o r s  may n o t  be a p p r o p r i a t e l y  r e p r e s e n t e d  by 
t h e  s e l e c t e d  e x p l a n a t o r y  v a r i a b l e s ,  even i f  a l l  t h e  m u n i c i p a l i t i e s  
have b a s i c a l l y  t h e  same w a t e r  demand r e l a t i o n s h i p .  Secondly ,  even 
i f  p r a c t i c a l l y  a l l  o t h e r  demand a f f e c t i n g  f a c t o r s  a r e  t a k e n  i n t o  
a c c o u n t ,  p r i c e  r e sponse  o f  m u n i c i p a l i t i e s  may be i n h e r e n t l y  
d i f f e r e n t .  The l a t t e r  may ve ry  w e l l  be t h e  c a s e ,  s i n c e  wa t e r  
T o t a l  p e r  c a p i t a  w a t e r  u s e  i n  1975 
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( C  Q u a n t i t y  o f  w a t e r  
F i gu re  8 .  P o s s i b l e  R e l a t i o n s h i p s  o f  Aggregated Supply and 
Demand F u n c t i o n s  S1 ,  S2 ,  S3 and D l ,  D 2 ,  D3 f o r  
Three M u n i c i p a l i t i e s .  
u s e r s  a g g r e g a t e d  i n t o  m u n i c i p a l i t i e s  do n o t  u s u a l l y  r e p r e s e n t  
random sampl ing .  I n  e i t h e r  c a s e ,  n ~ n i c ~ p a l i t i e s  have d i f f e r e n t  
demand c u r v e s ,  even i f  a l l  o t h e r  e x p l a n a t o r y  v a r i a b l e s  have t h e  
same v a l u e s  f o r  a l l  t h e  m u n i c i p a l i t i e s .  I t  i s  under t h i s  s i t u a -  
t i o n  t h a t  d i f f e r e n c e s  on s u p p l y  s i d e ,  which c e r t a i n l y  e x i s t  
among m u n i c i p a l i t i e s ,  c o m p l i c a t e  i d e n t i f i c a t i o n  o f  w a t e r  demand 
r e l a t i o n s h i p  a s  i l l u s t r a t e d  by F i g u r e  8 ( b ) .  Knowledge o f  o n l y  
t h r e e  i n t e r s e c t i o n s  between demand c u r v e s  D l ,  D2  and D3 and 
s u p p l y  c u r v e s  S , ,  S2 and S3 may l e a d  t o  i n f e r e n c e  o f  an e r r o n e o u s  
demand c u r v e  D* i n  F i g u r e  8  ( b )  . 
The p o i n t  d i s c u s s e d  above can  be more s p e c i f i c a l l y  i l l u s -  
t r a t e d  r e f e r r i n g  t o  t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y .  I t  was 
found i n  b o t h  p r e v i o u s  s e c t i o n s  t h a t  t h e  p r i c e  v a r i a b l e s  e n t e r e d  
t h e  r e g r e s s i o n  w i t h  p o s i t i v e  c o e f f i c i e n t s .  C l e a r l y  such a  r e g r e s -  
s i o n  e q u a t i o n  i s  i n v a l i d  a s  t h e  w a t e r  demand r e l a t i o n s h i p  and 
t h u s  c a n n o t  be used f o r  f o r e c a s t i n g  p u r p o s e s .  The r e g r e s s i o n  
c o e f f i c i e n t s  do n o t  r e f l e c t  t h e  p r i c e  r e s p o n s e  o f  o r  t h e  p r i c e  
e f f e c t s  on t h e  w a t e r  u s e r s .  The s i t u a t i o n  may be  i l l u s t r a t e d  by 
F i g u r e  8 ( c ) ,  where an  upward s l o p i n g  "demand c u r v e "  D* i s  i n -  
f e r r e d  based  on t h r e e  obse rved  demand-supply i n t e r s e c t i o n s .  
How can  t h i s  s i t u a t i o n  b e  remedied s o  t h a t  more a p p r o p r i a t e  
w a t e r  demand r e l a t i o n s h i p s  can  b e  developed?  A g e n e r a l  way i s  
t o  make a  s i m u l t a n e o u s  s p e c i f i c a t i o n  and e s t i m a t i o n  of  b o t h  
demand and s u p p l y  f u n c t i o n s .  S p e c i f i c a t i o n  o f  a  supp ly  f u n c t i o n ,  
however, may be i r r e l e v a n t  o r  unnecessa ry  f o r  some r e a s o n s .  
F i r s t ,  a  s h o r t - r u n  s u p p l y  c u r v e  o f  each  m u n i c i p a l i t y  may b e  
h o r i z o n t a l  w i t h i n  a  t e c h n i c a l l y  f e a s i b l e  s u p p l y  r a n g e .  Tha t  i s ,  
w a t e r  is  s u p p l i e d  a t  a  f i x e d  r a t e ,  u s u a l l y  i r r e s p e c t i v e  o f  
q u a n t i t y  used ,  once  t h e  p r i c e  i s  se t  based i n  some way on supp ly  
c o s t s .  The t e c h n i c a l l y  f e a s i b l e  s u p p l y  r a n g e ,  o f  c o u r s e ,  depends 
a l s o  on c l i m a t i c  and o t h e r  c o n d i t i o n s  o f  a p a r t i c u l a r  y e a r  and 
t ime  o f  y e a r .  Secondly ,  s p e c i f i c a t i o n  o f  a  s u p p l y  f u n c t i o n  d o e s  
n o t  h e l p  i d e n t i f y i n g  a p p r o p r i a t e  w a t e r  demand r e l a t i o n s h i p s ,  i f  
m u n i c i p a l i t i e s  have d i f f e r e n t  demand c u r v e s  a s  d i s c u s s e d  b e f o r e  
( s e e  F i g u r e  8 ( b ) ) .  T h i r d l y ,  i n s t i t u t i o n a l  f a c t o r s  may be more 
i m p o r t a n t  t h a n  p h y s i c a l  f a c t o r s  p e r  s e  ( e . g .  d i s t a n c e  t o  a  major  
w a t e r  s o u r c e )  i n  d e t e r m i n i n g  obse rved  p r i c e s  and q u a n t i t y  o f  
wate r  used.  For  i n s t a n c e ,  m u n i c i p a l i t i e s '  p o l i c i e s  on w a t e r  
use  r e s t r i ' c t i o n s  may be  q u i t e  d i f f e r e n t  t o  each  o t h e r .  I n  some 
m u n i c i p a l i t i e s ,  u s e  r e s t r i c t i o s  ( s e a s o n a l  o r  i n c i d e n t a l )  a r e  
imposed, whereas  some m u n i c i p a l i t y  may want t o  se l l  more w a t e r  
f o r  f i n a n c i a l  r e a s o n s ,  i f  p o p u l a t i o n  i s  d e c r e a s i ~ g  and  t h e r e  i s  
e x c e s s  c a p a c i t y  i n  e x i s t i n g  s u p p l y  f a c i l i t i e s  o f  t h e  m u n i c i p a l i t y  
Such i n s t i t u t i o n a l  f a c t o r s  a r e  d i f f i c u l t  t o  r e f l e c t  i n  s u p p l y  
f u n c t i o n  s p e c i f i c a t i o n .  
P robab ly  more i m p o r t a n t  i s  t o  a n a l y s e  c a r e f u l l y  t h e  d i f -  
f e r e n c e  t h a t  a p p e a r s  t o  e x i s t  among m u n i c i p a l i t i e s  on t h e i r  
demand s i d e .  A q u e s t i o n  t o  be  asked  is :  Can any o t h e r  v a r i a b l e s  
e x p l a i n i n g  d i f f e r e n t  demand b e h a v i o r s  o f  m u n i c i p a l i t i e s  b e  iden-  
t i f i e d  o r  do w e  have t o  l i v e  w i t h  t h e  f a c t  t h a t  t h e  demand c u r v e s  
a r e  i n h e r e n t l y  d i f f e r e n t  among m u n i c i p a l i t i e s ?  I f  t h e  l a t t e r  i s  
t r u e ,  it i s  n e c e s s a r y  t o  t r e a t  e a c h  m u n i c i p a l i t y  s e p a r a t e l y  o r  
group them i n t o  c l a s s e s  a c c o r d i n g  t o  t h e i r  w a t e r  use  b e h a v i o r  
and t o  s t u d y  each c l a s s  s e p a r a t e l y .  U s e  o f  c r o s s - s e c t i o n  d a t a  
then  i s  f u r t h e r  l i m i t e d  by number o f  samples  t h a t  w i l l  b e  reduced 
a s  a  r e s u l t .  I t  may b e  argued t h a t  c r o s s - s e c t i o n  s t u d i e s  would 
b e  more j u s t i f i e d  when a  l a r g e r  d a t a  b a s e  ( i . e .  more o b s e r v a t i o n s )  
i s  used f o r  t h e  purpose  o f  longer - t e rm f o r e c a s t i n g ,  s i n c e  t h e  d a t a  
b a s e  would p robab ly  i n c l u d e  a  wider  r a n g e  o f  m u n i c i p a l i t i e s  
r e p r e s e n t i n g  d i f f e r e n t  phases  o f  development .  A dilemma i n  
t h i s  l o g i c ,  e s p e c i a l l y  when used  i n  t h e  c o n t e x t  o f  r e g i o n a l  
p l a n n i n g ,  i s  t h a t  a s  t h e  d a t a  b a s e  i s  ex tended  t o  a  l a r g e r  a r e a ,  
c r o s s - s e c t i o n  a n a l y s i s  may become less r e l e v a n t  t o  a  p a r t i c u l a r  
r e g i o n  o f  concern .  O t h e r  v a r i a b l e s  may have  t o  be i n c l u d e d  t o  
t a k e  accoun t  o f  d i f f e r e n c e s  i n  g e o g r a p h i c  l o c a t i o n ,  c l i m a t e ,  
s o c i a l  and i n s t i t u t i o n a l  f a c t o r s  among m u n i c i p a l i t i e s .  
The g e n e r a l  inadequacy of  t h e  d a t a  b a s e  and t h e  inappro-  
p r i a t e n e s s  o f  a  model developed on  t h e  b a s i s  o f  t h e  c r o s s - s e c t i o n  
d a t a  f o r  f o r e c a s t i n g  purposes  a r e  a l s o  i n d i c a t e d  by some w a t e r  
u s e  e q u a t i o n s  i d e n t i f i e d  i n  t h i s  s t u d y .  The f o l l o w i n g  w a t e r  use  
e q u a t i o n s  w e r e  found most e f f e c t i v e  i n  e x p l a i n i n g  t o t a l  p e r  
c a p i t a  m u n i c i p a l  w a t e r  use  i n  t h e  y e a r  1 9 7 5 .  
Rather  t h a n  t e s t i n g  t h e  models f i t t e d  t o  t h e  1975 d a t a  
a g a i n s t  t h e  d a t a  f o r  1970 ( a n o t h e r  y e a r  f o r  which e x t e n s i v e  d a t a  
a r e  a v a i l a b l e ) ,  t h e  r e g r e s s i o n  was run  u s i n g  t h e  1970 d a t a  on 
t h e  same sets  o f  e x p l a n a t o r y  v a r i a b l e s .  The f o l l o w i n g  r e s u l t s  
a r e  o b t a i n e d  f o r  t h e  y e a r  1970. 
The v a l u e s  o f  r e g r e s s i o n  c o e f f i c i e n t s  and t h e  i n t e r c e p t  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  y e a r s  1970 and 1975 i n  t h e  
model w i t h  v a r i a b l e  x6 (number o f  pe r son  p e r  h o u s e h o l d ) .  Espe- 
c i a l l y ,  t h e  r e g r e s s i o n  c o e f f i c i e n t  o f  v a r i a b l e  x6 h a s  d i f f e r e n t  
s i g n  i n  t h e s e  e q u a t i o n s ,  t h u s  i n v a l i d a t i n g  b o t h  e q u a t i o n s  a s  
f o r e c a s t i n g  models .  The model w i t h  v a r i a b l e  x8 i s  b e t t e r  w i t h  
t h i s  r e s p e c t ,  a l t h o u g h  t h e  v a l u e  o f  t h e  m u l t i p l e  c o r r e l a t i o n  
c o e f f i c i e n t  R ( o r  R*) i s  n o t  v e r y  h igh  f o r  t h e  y e a r  1970. O t h e r  
combina t ions  o f  t h e  e x p l a n a t o r y  v a r i a b l e s  w e r e  a l s o  t e s t e d ,  b u t  
no b e t t e r  r e s u l t  ( i . e .  no improvement i n  t h e  R* v a l u e )  was ob- 
t a i n e d .  
V I I I .  SUMMARY AND RECOMMENDATIONS FOR FURTHER RESEARCH 
Summary 
The p r i m a r y  purpGse o f  t h e  p r e s e n t  s t u d y  was t o  show how 
w a t e r  r e s o u r c e s  p l a n n e r s  migh t  a n a l y z e  t h e  m u n i c i p a l  w a t e r  
demand. A s t a t i s t i c a l  approach  h a s  been  employed.  The p a p e r  
h a s  emphas ized  t h e  p r o c e d u r e  o f  m o d e l l i n g  a s  w e l l  a s  t h e  p a r t i c u l a r  
r e s u l t s  f o r  t h e  s t u d y  r e g i o n ,  MalmBhus County,  Sweden. 
An a t t e m p t  t o  d e v e l o p  w a t e r  demand r e l a t i o n s h i p s  was un- 
s u c c e s s f u l .  While  t h e  p r i c e  v a r i a b l e s  used  i n  t h e  s t u d y  e n t e r e d  
t h e  r e g r e s s i o n  w i t h  p o s i t i v e  c o e f f i c i e n t s ,  t h e  v a l i d i t y  o f  t h e  
models  a s  t h e  w a t e r  demand r e l a t i o n s h i p s  i s  v e r y  q u e s t i o n a b l e  
a s  d i s c u s s e d  i n  S e c t i o n  V I I .  
Some w a t e r  u s e  e q u a t i o n s  were i d e n t i f i e d  b a s e d  o n ' t h e  d a t a  
-
f o r  t h e  y e a r  1 9 7 5  by u s i n g  t h e  t o t a l  g r o s s  and  t h e  t o t a l  p e r  
c a p i t a  m u n i c i p a l  w a t e r  u s e  a s  d e p e n d e n t  v a r i a b l e s .  The t o t a l  
p e r  c a p i t a  u s e  was f i t t e d  b e t t e r  w i t h  r e s p e c t  t o  r e s i d u a l s ,  
which a r e  i m p o r t a n t  c r i t e r i a  f o r  g o o d n e s s - o f - f i t  o f  a  r e g r e s s i o n  
model. 
F a c t o r  a n a l y s i s  was u s e d  t o  a n a l y z e  t h e  d a t a  b a s e  t o  o b t a i n  
a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  demand g e n e r a t i n g  f a c t o r s  i n v o l v e d  
i n  t h e  d a t a  b a s e .  I t  h e l p e d  t o  i d e n t i f y  t h e  a p p r o p r i a t e  sets 
o f  e x p l a n a t o r y  v a r i a b l e s  f o r  e a c h  dependen t  v a r i a b l e .  
The i n d u s t r i a l  a c t i v i t i e s  w e r e  found t o  be  m o s t  i m p o r t a n t  
i n  e x p l a i n i n g  t h e  t o t a l  p e r  c a p i t a  m u n i c i p a l  w a t e r  u s e .  The 
number o f  p e o p l e  employed i n  w a t e r - i n t e n s i v e  sectors c o n n e c t e d  
t o  t h e  m u n i c i p a l  s u p p l y  s y s t e m  was u s e d  a s  a  proxy t o  r e p r e s e n t  
t h i s  f a c t o r ,  s i n c e  s e c t o r - w i s e  d a t a  on  i n d u s t r i a l  p r o d u c t i o n  
w e r e  n o t  a v a i l a b l e .  
I t  i s  n o t  e n t i r e l y  c l e a r  from t h i s  s t u d y  a l o n e  i f  t h e  number 
o f  weekend h o u s e s  r e p r e s e n t s  t h e  e f f e c t s  o f  r e c r e a t i o n a l  a c t i v -  
i t i e s  on t h e  t o t a l  m u n i c i p a l  w a t e r  u s e .  I t  may s i m p l y  r e p r e s e n t  
a  g e n e r a l  w e l f a r e  l e v e l ,  s i n c e  t h i s  v a r i a b l e  and  t h e  p r o p e r t y  
v a l u e  have  h i g h  l o a d i n g s  i n  t h e  same f a c t o r .  
NO s i n g l e  h o u s i n g  v a r i a b l e  was found v e r y  s i g n i f i c a n t  i n  
e x p l a i n i n g  t h e  t o t a l  m u n i c i p a l  w a t e r  u s e .  T h i s  i s  p a r t l y  b e c a u s e  
t h e  househo ld  component o f  t h e  t o t a l  m u n i c i p a l  w a t e r  u s e  d o e s  
n o t  v a r y  much among m u n i c i p a l i t i e s ,  and  it i s  g i v e n  r a t h e r  a s  
t h e  i n t e r c e p t  o f  t h e  r e g r e s s i o n  models .  
Problems a s s o c i a t e d  wi th  us ing  models developed on t h e  
b a s i s  o f  c ros s - sec t ion  d a t a  f o r  f o r e c a s t i n g  purposes were d i s -  
cussed i n  Sec t ion  V I I .  The poor performance of  t h e  models 
developed based on t h e  1975 d a t a  on t h e  t e s t  a g a i n s t  t h e  d a t a  
f o r  t h e  year  1970 a l s o  i n d i c a t e s  gene ra l  inadequacy of  t h e  d a t a  
base  and/or r e g r e s s i o n  models themselves.  
Recommendations 
TWO major p o s s i b i l i t i e s  a r e  seen f o r  t h e  ex t ens ion  o f  t h e  
p r e s e n t  s tudy  i n  us ing t h e  same approach and t h e  same type  o f  
d a t a  (de r ived  mostly from o f f i c i a l  s t a t i s t i c s ) .  The f i r s t  one 
i s  t o  c o n s i d e r  each component o f  t h e  t o t a l  municipal  wa te r  demand 
s e p a r a t e l y .  The second i s  t o  t r e a t  each mun ic ipa l i t y  s e p a r a t e l y  
o r  t o  group m u n i c i p a l i t i e s  i n t o  a  few . c l a s s e s  accord ing  t o  t h e i r  
c h a r a c t e r s  and t o  s tudy  each c l a s s  s e p a r a t e l y .  
The " i n d u s t r i a l "  component, r ep re sen ted  by t h e  number of  
employees i n  wate r  us ing s e c t o r s ,  was found t o  be most important  
i n  exp la in ing  t h e  t o t a l  pe r  c a p i t a  municipal  wate r  use.  An 
obvious s t e p  i s  then  t o  ana lyze  t h e  i n d u s t r i a l  wate r  use sepa- 
r a t e l y .  NO sec tor -wise  d a t a ,  however, a r e  a v a i l a b l e  a t  t h i s  
moment on i n d u s t r i a l  p roduc t ion  and wate r  use .  
The f i r s t  s t e p  i n  modell ing t h e  i n d u s t r i a l  component would 
be t o  c a r e f u l l y  ana lyze  t h e  r e l a t i o n s h i p s  among produc t ion ,  
employment, and wate r  use  f o r  d i f f e r e n t  s e c t o r s  and a l s o  f o r  
t h e  i n d u s t r y  a s  a  whole. I t  seems t o  be f e a s i b l e  on ly  f o r  h ighe r  
l e v e l s  of  aggrega t ion  than t h e  mun ic ipa l i t y  l e v e l .  This  a n a l y s i s  
would i n d i c a t e  whether t h e  employment f i g u r e s  s e r v e  a s  good proxy 
v a r i a b l e s  f o r  i n d u s t r i a l  a c t i v i t i e s ,  and, i f  t hey  do, how they 
can be  used i n  r e g r e s s i o n .  
I t  may be d i f f i c u l t  t o  model t h e  household component by 
s t a t i s t i c a l  approach,  due t o  t h e  low v a r i a t i o n  i n  r e p o r t e d  use 
f i g u r e s  among m u n i c i p a l i t i e s .  I n  t h i s  c a s e ,  microscopic  analy-  
s e s  o f  demand gene ra t ing  f a c t o r s  may be more a p p r o p r i a t e .  That 
i s ,  t h e  amount o f  wate r  used f o r  d i f f e r e n t  purposes o f  house- 
ho ld  ope ra t ion  should be analyzed f o r  d i f f e r e n t  t ypes  o f  housing 
based on t h e  observed wate r  use  behavior .  The Swedish Water 
and Sewage Works A s s o c i a t i o n  h a s  made a  r e v i e w  o f  t h e s e  f a c t o r s  
(VAV, 1 9 7 5 ) .  I t  may be t h e  c a s e  t h a t  t h s  recommendat ions p u t  
fo rward  on  t h e  b a s i s  o f  t h i s  r e v i e w  c a n  s e r v e  a s  a  s u f f i c i e n t  
proxy f o r  h o u s e h o l d  w h t e r  demand. However, a  c a r e f u l  s t u d y  o f  
t h e  w a t e r  u s e  i n  weekend h o u s e s  i s  c a l l e d  f o r .  
The second  ma jo r  p o s s i b i l i t y  l i s t e d  above h a s  an  o b v i o u s  
problem i n  t h a t  t h e  number o f  s amples  r e a d i l y  a v a i l a b l e  i s  t o o  
s m a l l .  E x t e n s i o n  o f  t h e  d a t a  b a s e  t o  i n c l u d e  more m u n i c i p a l i t i e s ,  
f o r  example,  t h e  277 m u n i c i p a l i t i e s  o f  t h e  whole  c o u n t r y ,  h a s  i t s  
problems a s  d i s c u s s e d  i n  S e c t i o n  V I I .  A way t o  g e t  a r o u n d  t h i s  
d i f f i c u l t y  i s  t o  i n t r o d u c e  a  dummy v a r i a b l e  a s s o c i a t e d  w i t h  e a c h  
m u n i c i p a l i t y  which w i l l  t a k e  a c c o u n t  o f  d i f f e r e n c e s  among munic- 
i p a l i t i e s  i n  r e g r e s s i o n  models  w i t h o u t  r e d u c i n g  t h e  sample  s i z e .  
Ano the r  way i s  t o  u se  time-series d a t a .  S i n c e  a v a i l a b i l i t y  o f  
t h e  time-series d a t a  i s  l i m i t e d  a s  d i s c u s s e d  i n  S e c t i o n  111, 
p o o l i n g  o f  c r o s s - s e c t i o n  and  time-series d a t a  may be  n e c e s s a r y .  
T h i s  p o s e s  a d d i t i o n a l  p rob lems  which r e q u i r e  f u r t h e r  s o p h i s t i c a -  
t i o n  o f  model p a r a m e t e r  i d e n t i f i c a t i o n  t e c h n i q u e s  (Kmenta, 1971) . 
Anothe r  p o s s i b l e  a p p r o a c h  i s  t o  r e s o r t  t o  mic ro  d a t a ;  t h a t  
i s ,  t o  s t u d y  t h e  b a s i c  i n f o r m a t i o n  g i v e n  i n  t h e  b i l l i n g  r e c o r d s  
o f  a  few m u n i c i p a l i t i e s  o f  d i f f e r e n t  t y p e s .  T h i s  me te r -based  
i n f o r m a t i o n  may t h e n  b e  a g g r e g a t e d  i n  a s u i t a b l e  manner,  f o r  
example ,  i n  t h e  f o l l o w i n g  g r o u p s :  one - fami ly  h o u s e s ,  m u l t i - f a m i l y  
h o u s e s ,  and  i n d u s t r y .  I n  t h i s  way, a l s o  t h e  p r i c e  d i s c r i m i n a t i o n  
now p r a c t i c e d  i n  some m u n i c i p a l i t i e s  may be t a k e n  i n t o  a c c o u n t .  
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